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| "Dor plans called for specia!, heavy duty headers. 

) The specifications were tough . . . predetermined 
strength . . . difficult curves and angles . . . exacting 
thermal characteristics . . . dimensional precision . . . 
delivery on a tight schedule. 

Grinnell engineers have plenty of experience in 
handling these complicated assignments. Rough lay- 
outs of plant requirements were immediately inter- 
preted in terms of alloy steel piping, accurate form- 
ing and welding, margins of safety, and underwriters’ 


a” (See 
\ 


inspection. Conveniently located Grinnell plants 
then speedily prefabricated these and other sub- 
assemblies. And, promptly on delivery date, the com- 
plete installation was on the job... ready for erection 

This is only one of many examples of “knowing 
how” that prompts leading engineers to say, G've 
the plans to Grinnell”! Write for detailed manual 
on Grinnell Prefabricated Piping. Grinnell Co., |nc., 
Executive Offices, Providence, Rhode Island. Branch 
offices in principal cities of United States and Canada. 
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AIR CONDITIONING CAN SOLVE EXPECTED CRISIS 


IN IRON AND STEEL PRODUCTION 


A prediction that air conditioning 
could go a long way toward solving 
the expected crisis in iron and steel 

roduction this spring was made by 
Dr. Willis H. Carrier, chairman of 
the board of Carrier Corp., in a ra- 
dio interview last month. The 
American steel industry is equipped 
at present to produce roughly about 
83,000,000 tons of steel annually, he 
said, and it is his understanding the 
industry would fall about 10,000,000 
tons short of the total amount re- 
quired for defense and consumer ac- 
tivity this spring. If each blast fur- 
nace could step up production by 
about 15 per cent, this would aid in 
solving the problem. 

Dr. Carrier suggested the answer 
lies in air conditioning blast furnaces 
—to remove moisture from the air 
supplied them—instead of construct- 
ing new ones; particularly as steel 
producers might be unwilling to 
build new furnaces because, when 
the defense emergency is over, there 
might be no need for the increased 
output. At one steel plant in the 
South, in extreme summer weather, 
two separate economies have been 
realized by air conditioning. Out of 
the same furnace and plant—that is, 
out of the same capital investment 
and with the same labor—about 15 
per cent more iron is produced than 
would be produced without dry 
blast. This means production of 115 
tons as contrasted with the previous 
100 tons. For the production of 
these 115 tons, about 90 per cent of 
the coke per ton, as compared with 
previous practice, is required. 

According to the magazine Time, 
the cost of constructing new blast 
furnaces for a 10 per cent in- 
crease in output would be $115,000,- 
000 and would require at least a 
year, while the cost of air condition- 
ing existing blast furnaces to give 
the same increase in output would 
be but $16,000,000 and take two or 
three months. Thus, air condition- 


ing would appear to be the logical 
answer. 

“In addition to turning out a bet- 
ter quality pig iron, air conditioning 
is helping to reduce the cost of pro- 
duction and has resulted in an in- 
crease of approximately 15 per cent 
in the pig iron output,” Dr. Carrier 
said. “The savings result from sub- 
stantially lower consumption of 
coke. Coke requirements of the blast 
furnaces have been reduced by ap- 
proximately 200 pounds per ton of 
pig iron, it is estimated. The need 
of less coke in the furnace also per- 
mits an increase in the amount of 
iron ore charged at one time. In 
the making of pig iron, furnaces re- 
quire more than 4000 tons of air 
per day. The air conditioning sys- 
tem removes approximately 30 tons 
of water from this air each day.” 

[Editor's note: The first step in 
the conversion of iron into steel 
takes place in the blast furnace 
where the iron ore is freed from 
most of its associated impurities. 
Iron ore is a mineral combination 
of oxides of iron together with some 
silica, phosphorus, manganese, alu- 
mina and some other elements, with 
enough iron oxide present to make 
the mineral commercially economical 
to smelt. 

The process consists of charging 
coke for fuel, limestone for flux, and 
iron ore into the top of the furnace 
and blowing in at the bottom a blast 
of heated air. The air burns part of 
the coke, the heat generated pro- 
motes chemical reactions and melts 
the charge. The molten iron is 
tapped from an opening at the bot- 
tom of the furnace into ladles which 
transport it to either the bessemer 
converters or open hearth furnaces 
for conversion into steel. In modern 
steel operations iron is not generally 
cast into “pigs” unless it is intended 
to be sold as merchant pig iron or 
is to be transported considerable 
distance. } 
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CONTRACTORS TO DISCUSS 
DEFENSE CONSTRUCTION 

Among the subjects programmed 
for discussion at the 52nd annual 
convention of the Heating, Piping 
and Air Conditioning Contractors 
National Association is defense con 
struction. Another topic to which 
the association members will give 
attention is that of sales problems, 
and reports of research in the indus 
try on standardization, on trade 
promotion and on welding, on cet 
tification and on apprentice training 
will be made. 

The meeting is to be held in the 
Hotel St. Francis in San Francisco, 
June 16-19. The first session will 
be a joint meeting with members of 
the American Society of Heating 
and Ventilating Engineers, who will 
be convening at the Palace Hotel in 
San Francisco the same week, at 
which time the Pacific Heating and 
Air Conditioning Exposition will 
also be held. 


HEATING ENGINEER 
ON THE JOB 


The National Safety Council's 
president’s medal was awarded last 
month to Vernon Hupp, Chicago 
park district heating engineer, at a 
meeting of the park district board 
of commissioners. At the same time 
a National Safety Council sustain 
ing certificate was given to park dis 
trict patrolman Charles Koester. 
Both awards were for the success 
ful artificial resuscitation of Hjal 
mer Swanson, whom Mr. Hupp saw 
floating face downward in Lake 
Michigan as he was driving along 
the outer drive last November. 

Hupp lassoed Swanson with a 
rope and dragged him out of the 
water while a call was put in for a 
park district squad car. Hupp ap 
plied artificial respiration while 
waiting for the squad. He then 
turned him over to Patrolman Koes 
ter, answering the call, who worked 
on him for eleven minutes before 
normal breathing was _ restored. 
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ANNOUNCES INFORMATION ON 


CIVIL DEFENSE PROTECTIVE CONSTRUCTION 


Publication of Civil Defense Pro- 
tective Construction, a pamphlet 
prepared by the war department 
with the assistance and advice of 
other federal agencies, has been an- 
nounced by the war department. 
This is the first of several civil de- 
fense pamphlets being prepared and 
it will be distributed by the division 
of state and local coéperation of the 
council of national defense. 

The pamphlet presents a general 
background along the lines indicated 
by the title, but it is by no means a 
signal to start work immediately on 
any of the protective structures de- 
scribed. However, it was thought 
that such information should be 
made available to responsible civilian 
officials and civilian engineers, so 
they might consider methods, plans 
and especially procedures that can 
be followed in their respective locali- 
ties should the situation change. 

The first section of the pamphlet 
is devoted to the weapons, the bal- 
listics and the effect of weapons 
used in aerial attack, while another 
section lists measures of defense 
against aerial attack, including pro- 
tection of buildings, protection of 
utilities and industrial -plants, and 
air raid shelters. In addition to dis- 
cussion of the problem of design of 
air raid shelters, designs of several 
types of bomb resistant shelters are 
reproduced. 

The section concerning weapons 
used also discusses the effect pro- 
duced by demolition bombs, frag- 
mentation bombs, gas bombs, incen- 
diary bombs, armor piercing bombs, 
aerial mines, and aerial gunfire. An 
account is given of the bearing that 
trajectory, angle of impact and im- 
pact velocity have in an aerial at- 
tack. The general effect of bombs 
on buildings, utilities, railroads and 
bridges also is dealt with briefly. 
Special measures necessary for the 
protection of industrial plants, utili- 
ties and buildings are listed. 

In the section describing air raid 
shelters, problems of design, general 
requirements, shelters in existing 
buildings and external shelters are 
discussed. [Illustrations in the 
pamphlet include a demonstration 
of the proper method of using sand- 
bag walls, features of buildings in 
industrial areas which affect the se- 
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lection of locations for shelters, and 
plans for construction of shelters for 
six persons, 50 persons, 100 per- 
sons, and 200 persons. 

The material was prepared after 
a close study of European informa- 
tion, and is intended as a resumé 
along general lines of the latest in- 
formation available. As additional 
material becomes available and is 
digested, it is planned to dissemi- 
nate it to the proper authorities. 


APPOINTED TO 
CONSTRUCTION COMMITTEE 


The war department announced 
last month the appointment of Rich- 
ard Henry Tatlow III as a member 
of the construction advisory com- 
mittee of the office of the quarter- 
master general to fill the vacancy 
created by the resignation of Fran- 
cis Blossom. Since July, 1940, Mr. 
Tatlow has served as assistant to 
the chief of the engineering branch 
of the office of the quartermaster 
general and has been in charge of 
the investigation and analysis of 
architect-engineering firms and con- 
struction contractors by that office. 
Prior to July, 1940, Mr. Tatlow 
was a partner in the engineering 
firm of Harrington & Cortelyou of 





Kansas City, Mo. In 1932 Mr. 
low served as an assistant to ||, 
engineers’ advisory board of the 
construction Finance Corp. and 
1933 as a consultant to the py 
roads administration. 

Serving on the construction 
visory committee, in addition to \\, 
Tatlow, are _ Brigadier-gene;| 
George R. Spalding, chairman, F. s 
Harvey, F. J. C. Dresser d 
Alonzo Hammond. 


RESEARCH FACILITIES 


EXPANDED 


A $35,000 extension of laboratory 
facilities is in progress at Battell 
Memorial Institute, Columbus, Ohio 
—the result of increased researc! 
for industry, occasioned partly by 
the defense program but mainly by 
new products research. Much of the 
new work is being sponsored by in 
dustries that are planning to sur 
mount the adjustments of the post 
emergency period with new and im- 
proved products and reduced pro 
duction costs. 

Eighteen new laboratories and 
offices, totaling nearly 10,000 sq it, 
are being installed to take care oi 
forty additional research engineers 
The majority of these laboratories 
are in the new laboratory building 
which was completed only a year 
ago. 





What marks off the life of an indi- 
vidual as professional? First, I think 
we may say that it is a type of activity 
which is marked by high individual re- 
sponsibility and which deals with prob- 
lems on a distinctly intellectual plane. 
Second, we may say that it is a motive 
of service, as distinct from profit. 
Third, is the motive of self-expression, 
which implies a joy and pride in one’s 
work and a self-imposed standard of 
workmanship—one’s best. And fourth, 
is a conscious recognition of social duty 
to be accomplished, among other means, 
by guarding the standards and ideals of 
one’s profession and advancing it in 
public understanding and esteem, by 
sharing advances in professional knowl- 
edge and by rendering gratuitous pub- 
lic service, in addition to that for ordi- 
nary compensation, as a return to so- 
ciety for special advantages of educa- 
tion and status. 

Next, what are the attributes of a 
group of persons which mark off their 
corporate life as professional in char- 
acter? I think we may place first a 





WHAT MARKS A PROFESSION? 


body of knowledge (science) and of 
art (skill), held as a common possession 
and to be extended by united effort 
Next we may place an educational 
process of distinctive aims and stand 
ards, in ordering which the professiona! 
group has a recognized responsibility 
Third in order is a standard of quali- 
fications, based on character, training 
and competency, for admission to the 
professional group. Next follows a stand- 
ard of conduct based on courtesy, honor 
and ethics to guide the practitioner in 
his relations with clients, colleagues and 
the public. Fifth, I should place a more 
or less formal recognition of status by 
one’s colleagues or by the state, as a 
basis of good standing. And finally on 
organization of the professional group 
based on common interest and social 
duty, rather than economic monopoly. 
Wittram E. WICKENDEN, president, 
Case School of Applied Science, in an 
address delivered before the annual ban- 
quet of the Engineering Institute of 
Canada. 
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Where building heat MUST NOT FAIZ 
always specify the Nash Vapor Turbine 





THIS SAFE NASH HEATING PUMP DOES NOT REQUIRE ELECTRIC CURRENT 
BECAUSE IT OPERATES ON THE SAME STEAM THAT HEATS THE SYSTEM 


In Hospitals, Greenhouses, Schools, Public Buildings, 
Theatres, wherever heating systems must not fail, 
install the Nash Vapor Turbine, for it is entirely in- 
dependent of electric current failure, and continues 
to operate as long as there is steam in the system. 


More than that, the Vapor Turbine is a most economi- 
cal pump, for the elimination of electric current does 
away with current cost, the largest single item in the 
operation of an ordinary return line heating pump. 


Greater savings still are effected by the Vapor Tur- 
bine in the system, for the reason that this pump oper- 
ates continuously. It is the only pump that can do this 
with economy. Continuous operation means uniform 
circulation, and uniform circulation saves steam. 


The Nash Vapor Turbine has but one moving part, 
rotating in the casing without metallic contact, and 
requiring no internal lubrication. Quiet, compact, 
and trouble-proof. Bulletin A-290 is free on request. 


THE NASH ENGINEERING COMPANY 


239 S.WILSON ROAD * SOUTH NORWALK, CONNECTICUT © JU. S. A. 
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we for Defense 


Steam Heating Plant 
Camp. Hospital 


YPICAL of many new army 

camps being built under the 

national defense Pe is 
Camp Wheeler, at Macon, Ga. This 
cantonment, a replacement center 
for initial training of draftees, is de- 
signed for a populaton of 19,000 
men and includes a 700 bed hospital 
group. In this group are 56 steam 
heated buildings scattered over a 65 
acre tract, interconnected by cov- 
ered walkways and served by one 
central steam plant. This involves 
a system of 8000 lineal feet of cov- 
ered walks and three miles of distri- 
bution piping. 

Although the construction di- 
vision of the quartermaster general’s 
office furnished stereotyped plans 
for each building, including a steam 
layout, it was necessary for the 
project architect-engineer to design 
the outside steam distribution sys- 
tem, 


Coordination Essential 


This problem involves the closest 
coordination of architectural and en- 
gineering planning on a project of 
this kind. For example, the build- 
ings must be placed so that the hos- 
pital group will form a functional 
unit satisfactory to the Surgeon 
General. Next, the buildings and 

"Heating engineer, Hentz, Adier & Shutze 
with Newcomb & Boyd, architect-engineer, 
Camp Wheeler. 

Utilities engineer, Hentz, Adler & Shutze 


with Newcomb & Boyd, architect-engineer, 
Camp Wheeler. 


CENTRAL PLANT Typical of many 
army camps being built under the na- 
tional defense program is Camp Wheeler. 
Designed for a population of 19,000 
men, it includes a 700 bed hospital group 
of 56 steam heated Duildings served by a 
central boiler house, with steam distribu- 
tion and return piping situated in the 
covered walkways. ... . Steam is gen- 
erated and distributed at 100 lb, is re- 
duced at the buildings to 40 lb for unit 
heaters, sterilization, water heating, cook- 
ing, etc., and to 5 lb for direct radiation. 
...+ Factors governing the design of the 
system were the temporary nature of the 
camp (expected life is 5 yr), the need 
for speedy construction (the steam sys- 
tem had to be completed in 60 days), the 
necessity for dependable steam service, 
and economy in installation and operation 


walks need to be oriented to allow 
easy access for service and fire pro 
tection. Building elevations must fit 
the terrain with minimum grading, 
and at the same time permit a slope 
in the covered walks not to exceed 5 
per cent. (Liquids in food carts spill 
if the slope is steeper.) Too many 
low points must be avoided, since 
each low point requires a vacuum 
pump for condensate. Then, too, 
the walkways must be large enough 
and strong enough to house and 
support the steam piping. 


Standard Army Design 


The buildings themselves are of 
standard army “temporary housing” 
frame design, with wallboard inside 
and metal siding outside. Included 
in the group are ward buildings, 
clinics, mess halls, quarters for of- 
ficers and nurses, barracks for 
enlisted personnel, recreation build- 
ings, administration buildings, 
storehouses and a morgue. The 


boiler house has a structural steel 
frame with corrugated steel sides 
and roof. The interconnecting walk 
ways are of frame construction with 
metal siding. 

Heating is provided by direct cast 
iron radiation in sleeping rooms and 
clinics, and by suspended unit heat 
ers in public rooms, such as mess 
halls. 

The direct radiation is manual! 
controlled and the unit heaters have 
thermostatic control 

Steam is generated at the boiler 
house in two boilers of the three 
drum, bent tube, low head type 
Each boiler is fired with a double 
retort, ram type, bituminous coal 
stoker having side dump plates. The 
two boilers, when operating at 200 
per cent of rating, will jointly de 
velop 1600 hp. Boiler room acces 
sories include complete automatic 
control of stokers and _ breeching 
dampers ; other standard accessories 
include feedwater pumps, water 
level control, feedwater heater, 
surge tank, soot blowers, tube clean 
ers, blow off tank and a portable 
coal conveyor. The steel stack serv 
ing the boilers is 90 in. in diameter 
and 115 ft high. 


Mains Run in Walks 


Steam for the plant is generated 
at a pressure of 100 Ib saturated and 
is distributed to the buildings at this 
pressure. The steam mains are run 
in the covered walks connecting the 





Distribution Piping in Covered Walkways Is Standard 


Practice . 


By Frederick W. Bull* and H. King McCaint 
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At left- Overhead steam line on roller support. There is a valve in the cupola 
at right side of this view. .. . - At right—Return and vacuum pump discharge lines 
under walks with footings for anchors in foreground. The vacuum pump line is 


covered, but return line covering had not been completed when photo was taken 


buildings and the pressure is re- 
duced at the buildings to 40 Ib for 
sterilization, unit heaters, water 
heating, cooking, etc., and to 5 Ib 
for direct radiation. 

The medium pressure returns are 
dripped through flash tanks and join 
the low pressure returns which run 
by gravity to vacuum pumps which 
are situated at the nine low points 
of the system. The discharges from 
these pumps are returned to the 
boiler house. 

The steam mains in the covered 
walks are run above the lower 
chord of the roof truss where space 
conditions are limited, and the pitch 
of the pipes must follow the slope 
of the walks. At all points where 
changes in pitch occur the mains are 
anchored, and the elevations of 
walks and buildings are controlled 
so that these changes of pitch are 
always from a lesser to a greater 
slope in the direction of flow, to pre- 
vent the accumulation of conden- 
sate. The connections to the build- 


ings are taken from the bottom of 
the mains to drip the lines. 


Welding Facilitates Job 


Electric arc welding of all distri 
bution steam and return piping fa- 
cilitated the making of elbows re- 
quired by changes in pitch. The 
returns from the buildings are run 
under the floor of the walks to the 
pumps, and the discharges from the 
pumps flow under the walks to the 
feedwater heater in the boiler house. 

Due to the restricted space in 
which the steam mains were run, it 
was necessary to provide cupolas in 
the roof framing for the installation 
of the main shut off valves. Drips 
are provided ahead of these valves 
and run to the nearest flash tank. 

The expansion is cared for by 
joints of the double slip, internally 
and externally guided type. The 
alignment of the pipe at the joints 
is further insured by installing dou- 
ble guiding rolls on the pipe within 


7 ft, and on each side, of the 
pansion joints. 

Removable sections were | 
vided in the roofs over the ex; 
sion joints to facilitate servicing 


How Piping Is Anchored 


The framing at anchor points 
designed to withstand a thrust 
20,000 Ib on the 8 in. and 10 
piping and 10,000 Ib on the smaller 
lines. This is accomplished by carr) 
ing the 8 in. and 10 in. anchor points 
independently of the wooden wall 
ways using structural steel supports 
resting on concrete ““deadmen.”’ 1 
anchor points on the smaller lines 
employ structural steel reinforce: 
ment of the wooden members of t! 
walks. The returns under the fi 
and the discharge lines from th. 
vacuum pumps are anchored to o 
crete blocks set in the ground 

All distribution piping is cov: 
with standard thickness fibrous 
glass insulation. 





In his article. entitled Flooded 
Roof, Double Pane Windows Assist 
in the Control of Air Conditions in 
the April HPAC, M. C. Haley sets 
forth very clearly the reasons for 
ponding of the roof which, in this 
particular instance, will assist in the 
stabilizing of the heat transfer ef- 
fect through the roof, but will also 
avoid conflict with local ordinances 
relating to storm drainage; provid- 
ing, as it will, a reservoir for grad- 
ual disposal of storm water to the 
storm drainage system which, as 
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FLOODING ROOFS 


stated, is not always adequate to 
meet the maximum experienced 
drainage demands. 

It is not at all certain, in my opin- 
ion, that much heat resistance bene- 
fit will be derived from a 2 in. deep 
still water pond on a roof. The nor- 
mally cool climatic conditions pre- 
vailing in the Oakland, Calif., area 
would not seem to indicate any great 
advantage to be expected except as 
a stabilizing factor. The accumula- 
tion of soot, dust and oily substances 
on the surface of the water will tend 


HEATING, 


to retard evaporation. Consequent! 
we should expect that the still wate: 
pond will be warmed many degré 


. above the surrounding air tempera 


ture by the solar heat effect during 
the daytime periods. 

It is apparent that the author 
cognizant of the probable limitati 
since it is stated in his article t 
provisions have been made to d: 
the roof of water, if desired —E 
HECKEL, E. P. Heckel & Assi late 
Member of HPAC’s board of c 
sulting and contributing editors 
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OT WATER is often fur- 

nished for industrial or do- 

mestic purposes from some 
type of storage tank in which the 
water may be heated directly or 
may be supplied to it from an ex- 
ternal heater. The main purpose of 
such a storage tank is, of course, to 
permit taking care of momentary 
high hot water demands, even 
though only a low input heater is 
used. 

In order to secure the full advan- 
tages of a storage tank system for 
supplying hot water, careful atten- 
tion should be given to the piping 
connections and other installation 
features. It is unusual for the tank 
to be completely full of hot water. 
Instead, the top part may contain 
hot water while the lower part may 
have entirely cold water. If proper 
service is to be provided, it is neces- 
sary that the hot water remain un- 
disturbed and not mixed up with 
the colder water ; otherwise, it may 
be necessary to heat the entire con- 
tent of a tank before a sufficient 
amount of hot water is available. In 
other words, the heater should place 
the heated water in the top part of 
the tank and the piping connections 
to the tank should make possible the 
drawing off of hot water from the 
tank top and the supplying of cold 
water to the tank bottom without 
any great disturbance. The differ- 
ence in densities between water 
heated to approximately 150 F and 
cold water at approximately 50 F, 
or thereabouts, is sufficient to keep 
them separated unless violent flow 
disturbances occur. 

Though a properly installed stor- 
age tank system has many advan- 
tages, there are certain hazards as- 
sociated with the storing of a large 
quantity of hot water under pres- 
sure such as exists in the water 
supply system. It is the purpose 
here to discuss these hazards and to 
indicate methods of protection 
against the possibility of tank rup- 
ture and so-called hot water tank 
explosions. 


Hazards in Heating Water 


An ordinary storage tank is un- 
der a certain water pressure, de- 
pending upon what the static pres- 
sure happens to be in the system. 
When the water in the tank is 
heated by circulation through an ex- 
ternal heater or by heating units in 





RELIEF PROGRAM 
for 


Hot Water Tanks 


F. M. Dawson and A. A. Kalinske of Iowa 


Institute of Hydraulic Research Tell 


of Safeguards for Hot Water Systems 


the tank, it gradually expands like 
most other substances when sub 
jected to an increase in temperature. 
If the tank is connected to some 
supply, without any intervening 
check valve or obstruction, the in 
crease in volume will cause part of 
the water to be pushed back into 
the supply line. If directly con 
nected through the cold water serv- 
ice line to the city water main, the 
excess volume due to expansion 
simply backs up into the cold water 


mm 


RELIEF PROGRAM—A great deal of 
research work has been done at the 
Iowa Institute of Hydraulic Research on 
safeguarding industrial and domestic hot 
water supply systems. The authors ex- 
plain here the reasons for so-called “ex- 
plosions” of hot water supply tanks, 
which are due to the sudden release of 
pressure on superheated water. A cer- 
tain part of the water will flash into 
steam and as an equivalent weight of 
steam has a tremendous volume as com- 
pared to water, there is a large energy 
release involved. . . . The authors dis- 
cuss the required capacities of pressure 
and temperature relief devices for such 
tanks, with recommendations for installa- 
tion. Formulas are presented for required 
discharge capacities of relief devices 


—— 


line. If the heating is sufficient, the 
backing up may be so extensive as 
to cause hot water to reach the wa- 
ter meter. This may ruin the com- 
position discs in the meter. 

If the entire content of a 500 gal 
storage tank is heated from 70 F 
to 160 F, there will be an increase 
in volume of about & gal. If the 
cold water line is of 2 in. size, this 
8 gal will fill about 45 ft of pipe. 
Of course, this does not mean that 
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hot water would go back 45 ft, be 
cause the first part of the back flow 
might be cold water. 

If, for any reason, the above men 
tioned back flow cannot occur (due 
to a check valve or a pressure re 
ducing valve in the line, for in 
stance, or because of temporary shut 
off of the cold water line) the pres 
sure in the tank will rise as heating 
continues. Obviously, such a pres 
sure may reach considerable propor 
tions if the heating continues for 
any length of time. Rupture of the 
tank seams could readily occur un 
der such conditions with the possi 
bility of flooding the building. Noth 
ing else would happen if the water 
temperature at the time of tank rup- 
ture was less than 212 F, the atmo- 
spheric boiling point. No so-called 
“explosion” could result. 

If the tank water is not confined, 
continued heating would of course 
cause no increase in pressure be 
yond ordinary line pressure. How 
ever, the temperature would con 
tinually increase. For example, if 
the water were under a city pres 
sure of 75 lb ga, it could reach a 
temperature of 320 F without any 
steam forming inside the tank. If 
tank failure should result under 
such conditions, then the sudden re 
lease of pressure would cause part 
of the superheated water to flash 
into steam. If the water in a 500 
gal tank is heated to 320 F, the 
sudden release of pressure would 
cause about 10 per cent of the wa- 
ter to flash into steam. Since a 
given weight of steam has a volume 
almost 1700 times as great as the 














same weight of water, some 82,000 
gal of steam at atmospheric pressure 
would form. The energy released 
under such conditions is equivalent 
to that produced by the explosion 
of about 15 lb of nitroglycerine. 
Naturally, tremendous damage and 
loss of life could result if this oc- 
curred in any building. 

The failure of the storage tank at 
times when the water is superheated 
may occur due to excessive pres- 
sure if the tank is not connected to 
an open system, or due to weaken- 
ing of the tank seams by corrosion, 
further aggravated by the strains 
introduced by the excessive temper- 
ature. Also, a tank may rupture due 
to the collapse caused by creation 
of a partial vacuum. This partial 
vacuum may be the result of a sud- 
den drop in pressure because of the 
flow of a large amount of water from 
the street main—such as may oc- 
cur during a fire or when the main 
breaks. 


Pressure Relief Devices 


In order to guard against devel- 
opment of excessive pressure inside 
a hot water storage tank due to 
thermal expansion of the water, it 
is customary to install a spring 
loaded pressure relief valve set to 
open at a pressure about 20 Ib 
higher than the normal line pres- 
sure. Even though the storage tank 
is connected to an open system, 
such a pressure relief device is de- 
sirable, since somebody might shut 
off the cold water line to the tank 
without making certain that the 
heater does not operate. This device 
should be installed in the cold wa- 


ter line near the tank and there 
should not be any valves between 
it and the tank. The drain or drip 
from the relief valve is carried to 
some point over a sink or floor 
drain. Jt should never be connected 
directly into any drain, waste or 
vent pipe. 

The amount of water discharged 
by any pressure relief device is quite 
small, since it takes only a small 
quantity of water to relieve any 
pressure due to the thermal expan- 
sion of the water at a rate that will 
limit the pressure rise for any given 
heat input to 10 per cent of the 
pressure at which the valve is set to 
open. This discharging capacity can 
be easily evaluated by a simple test. 
For any given installation it should 
exceed the value obtained from: 





B (Vr — V -) 
QGo=— e aene ewaweus [1] 
Tr — Te 
where Q = Gal per hr of water to be 
discharged ; 
B = Heat input of heater in Btu 
per hr; 


V» = Gal per lb of water at hot 
temperature, 7); 

V. = Gal per lb of water at cold 
temperature, T-. 


The value of Q for any given 
value of B will tend to vary with 
the hot and cold water tempera- 
tures. From a curve indicating the 
thermal expansion of water, it is 
found that the maximum value of 
(Vn — V.)/(Tx — Te) is about 
5 X 10°. Thus [1] becomes: 


aS Be pe OS ee ee [2] 
[Note: Multiplying by 10° means the 
same as dividing by 10°, or by 100,000.] 


Data as to the value of QO for a 
pressure 10 per cent greater than 
that for which the relief device is 
set would permit a determination as 





to whether or not a device is 
quate for any particular installa: 
The maximum value of heat ;; 
B for which a device can be 
should be stated by the man 


turer. 
Temperature Relief Device. 


From the previous discussion 
obvious that a so-called hot wate; 
tank “explosion” can occur on! 
the water is heated to a temperature 
above the temperature at w! 
boiling would occur under th« 
mospheric pressure. The tank m 
rupture first and thus suddenl) 
lieve the pressure on the super 
heated water. The explosior 
the sudden flashing of the water int 
steam occurs after the tank 
tures. Since the real cause of th 
explosion is the fact that the wate: 
was overheated, the preventiv: 
measure should consist of tempera 
ture control or safeguarding against 
the creation of excess temperature 

Two general methods of prever 
tion of high temperatures are (1 
the elimination of the source of 
heat, and (2) the admittance of cold 
water into the tank and the dis 
charge of hot water after a prede 
termined temperature is reached 
The first method is of course used 
on all types of automatic heaters 
and should be used whenever pos 
sible. However, absolute depend 
ence should not be placed on suc! 
automatic control of the heat source 
There is always the possibility of 
the control apparatus failing 
function properly. 


Therefore, hot 
water tanks should be equipped wit! 
a suitable temperature relief device 


The authors’ recommendations for installation of pressure 
and temperature relief valves on hot water storage tanks 
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One type of such a device has a 
fusible plug of metal which melts at 
about 212 F. The hot water then 
runs from the opening until the de- 
yice is serviced. The disadvantages 
of this type of device are that it re- 
quires servicing after each opera- 
tion, and also the temperature at 
which the metal plugs melt varies 
and this temperature may be af- 
fected by age and deterioration of 
the plug. 

Another type of relief device is 
one which incorporates a bellows or 
himetal disc, which opens at a tem- 
perature of 210 F and closes when 
the temperature drops to approxi- 
mately 160 F. The operation of the 
valve is automatic; however, there 
is the possibility of sticking, and 
therefore such devices should be of 
first class construction and should 
be examined periodically. The oper- 
ation of temperature relief devices 
should not depend upon the water 
pressure, since the pressure may be 
off. They should be activated by 
temperature. 

Temperature relief devices should 
be installed at the point of maxi- 
mum water temperature, which is 
usually in the pipe just above the 
heater or in the very top offthe 
tank. Various suggested locations 
for a temperature relief device, 
pressure relief device or a combina- 
tion device are shown in the figure. 

Temperature relief devices should 
be rated as to their Btu capacity. 
That is, when the device opens at 
210 F, it should be able to discharge 
sufficient hot water to prevent any 
further rise in temperature. The 
discharge capacity of the device at 
a temperature of 210 F and some 
standard water pressure, such as 30 
lb, can readily be determined. The 
device should not be used on in- 
stallations where this discharge 
capacity is less than the value ob- 
tained from the following equation : 





0 = [3] 
8.34 (210 —7T,.) 


The cold water temperature is 
usually taken as 60 F; therefore, 
[3] becomes : 

| bad Se [4] 

One other item worthy of men- 


tion regarding temperature relief 
devices is to consider what would 
happen if the water pressure were 
shut off and thus no water were to 
flow from the device when it opened 
at a temperature of 210 F, because 
of no pressure to cause it to flow. 


Under such conditions, steam would 
be generated and would escape 
through the valve. Unless the open- 
ing through the valve were quite 
large, a pressure would build up in 
the tank with a resultant increase 





in temperature. This is of course 
not very desirable. It is therefore 
suggested that temperature relief 
devices have a Btu rating consid- 
erably in excess of the 
capacity. 


heater 








How Air Conditioning Serves Industry 


@ Precision grinding spindles turn- 
ing at the rate of 50,000 rpm are 
being manufactured at the Landis 
Tool Co., Waynesboro, Pa., with 
the help of air conditioning. Oper- 
ating at such high speeds, these 
spindles must be absolutely true, 
perfectly balanced and free from any 
vibration. It was discovered in the 
laboratory that metal parts for these 
high speed spindles—due to expan- 
sion and contraction caused by 
atmospheric variations—could only 
be assembled with perfect accuracy 
in an air conditioned room. Two 
air conditioning units, which main- 
tain a uniform temperature of 70 
deg and a dry and dust free at- 
mosphere, were installed in a spe- 
cially constructed assembly room at 
the plant. The room is carefully 
insulated, with double walls, win- 
dows and doors keeping it sealed 
tight from outside influences. Only 
filtered, conditioned air is admitted 
through the two units. The spindles 
assembled in this air conditioned 
laboratory carry the grinding wheel 
on a specialized type of machine 
used by the ball bearing industry. 


@ The tendency for gases to rise 
makes the job of crane cab operators 
hazardous where gases are present 
in any appreciable degree. The con- 
fined position of the operator adds 
to his susceptibility to injurious 
effects from dangtrous industrial 
gases and odors. In the Utah plant 
of one of the country’s largest smelt- 
ing companies an analysis of the air 
showed a sulphur dioxide content of 
25 parts per million. To overcome 
this condition, gas adsorption equip- 
ment was recently installed in the 
crane cabs of the smelter to safe- 
guard the operators’ health. The 
air for ventilating the cab is drawn 
in through a field of highly activated 
coconut shell carbon which frees it 
of sulphur dioxide. 


® Dirt and dust particles, so small 
they are invisible to the naked eye, 
are still large enough to make what 
otherwise would be a good television 
tube, bad. In the [ 
the Farnsworth Radio and Televi- 
sion Corp., Ft. Wayne, Ind., it was 
\found that these minute dust parti- 
tles caused a spotting of the cathode 
of television dissector tubes during 
their treatment with photo sensitive 
material. Installation of a 6000 cim 
electrostatic air filter to clean the 
laboratory air of the invisible dust 
and dirt has eliminated the tube 
cathode spotting, permitting perfect 
tubes to be made consistently. The 
dissector tube is the heart of the 
television process ; it is the tube that 
picks up the image, dissects it into 
separate elements and converts each 
image element into transmittable 
electrical impulses. Its manufacture 
is more delicate than that of a fine 
watch, for electronically it must be 
almost perfect. Prime requisite is a 
cathode must be 
uniform. 


laboratories of 


whose emission 


@ A shortage of labor in America’s 
booming diamond cutting industry 
may be solved as a result of the 
first air conditioning installation in 
a New York City diamond sawing 
room. Excessive humidity has been 
one of the major obstacles in dia- 
mond cutting ; a diamond saw won't 
work in wet, muggy weather and 
even slight excess humidity slows 
up the process of sawing the pre- 
cious stones. In an effort to elimi- 
nate this condition, an aip.condi- 
tioning unit was installed in the 
‘diamond sawing room at Baymgold 
Bros., where it maintains a definite 
humidity and temperature. As a 
result of air conditioning the room, 
the diamond cutters are able to keep 
their saws running continuously. 
This has increased their. sawing 
capacity by 30 per cent. 
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MODEL PLANT 


Exhaust Steam Used for Air Conditioning and 
Heating at United States Tobacco Co.’s Plant. 
By G. C. Dittman and O. M. Schneider, Schmidt, 
Garden & Erikson, Architects and Engineers 


N THE outskirts of historic 

Richmond, Va., the United 

States LTobacco Co -- 
makers of “Model,” “Dills Best,” 
“Old Briar” and “Tweed” smoking 
tobaccos—recently completed a new 
processing plant. Air conditioning 
plays an important part in the pro- 
cessing of tobacco, and is of course 
incorporated. 

Six stories high and 100 ft by 350 
ft in area, the plant is modern in 
design and houses offices, shipping 
room and all other necessary de- 
partments. The power house is a 
separate building approximately 200 
ft from the plant and connected to 
it through an underground tunnel 
in which steam, air, vacuum and 


electric services are carried. 


The pressure reducing and desuperheat- 
ing station for process steam is on the 
wall at the extreme right of this pic- 
ture. In the right foreground are the 


Probably the most interesting fea- 
ture of the air conditioning design 
is the use of exhaust steam for re- 
frigeration for air conditioning, and 
for heating in winter. There are 
two 150 ton centrifugal refrigerat- 
ing machines in the power house 
which furnish all the chilled water 
required for the air conditioning 
systems. These units operate at 
7640 rpm and are directly connected 
to 139 hp steam turbines, as indi- 
cated in the flow diagram. 

In order to take care of the elec- 
trical needs of the plant, two 400 kw 
engine-generator sets were pro- 
vided. The engines operate at 175 
lb pressure, 500 F total temperature 
and exhaust at 5 lb pressure or op- 
erate condensing. During the win- 


two turbine driven centrifugal refriger- 
ating machines. On the mezzanine floor 
at the extreme left is the filter for filter- 
ing the condensate before it goes to 


ter, one engine supplies the 
for heating while the second ¢ 
operates condensing; or, if 
sary, both engines can opera 
supply 5 Ib steam to take ca: 
the heating load. 


Condensing Water 


During the summer, both engines 
operate at 5 lb back pressure, whi 
is the steam operating pressure 
the turbines driving the refrige: 
tion machines. The turbine units 
exhaust at 26 in. vacuum int 
condenser. This sa.ne condenser 
used by the engines in the winter 
and by the refrigerating machin 
turbines in the summer. 

For supplying cooling water 


+} 


both the steam condenser and the 


the feedwater heater to the right of the 
filter. The feedwater heater is of the 
open deaerating type. The capacity of 
the feedwater heater is 69,000 lb per hr 
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MODEL PLANT The 


United States 


Tobacco Co.'s new processing plant 
where “Model,” “Dills Best,” “Old Briar” 


and “Tweed” smoking tobaccos are made 


is noteworthy for its modern design 
and mechanical features. Two 150 ton 
centrifugal refrigeration machines driven 


conditioning which is piped to the air 


by steam turbines water for air 
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treating apparatus in the main building 
through an underground tunnel connect- 
ing it and the separate power house. 
Steam at 5 lb is furnished these turbines 
in summer from the engines driving the 
turbines ex- 


electrical generators, the 


hausting at 26 in. vacuum into a con- 
denser. In winter, one of the engines 


supplies 5 lb steam for building heating 


May, 194] 


and the other operates condensing 


The same condenser Is used by the en 


gine in winter and by the refrigerating 
machine turbines in summer, and there 


is a cooling tower for supplying watei 


to both the steam and refrigerating con 


densers. . . . The excellent photograph 


ibove was taken in the power house; 


it's quite a peaceful scene, isn't it? 
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refrigerating condensers, a cooling 
tower was installed on the roof of 
the engine room. It has capacity to 
cool 1250 gpm from 108 F to 85 F 
with an outdoor temperature of 95 
F dry bulb and 80 F wet bulb. The 
tower is of the wood filled, forced 
draft type and is provided with two 
variable pitch propeller fans. 

During the winter, the condens- 
ing water will go from the cooling 
tower to the condenser and then 
directly back to the cooling tower. 
During the summer months, how- 
ever, the circulating water leaves 
the cooling tower at 85 F and first 
passes through the refrigerating ma- 
chine condensers, leaving at 92 F. 
Then it passes through the steam 
condenser, leaving at 108 F, and 
goes to the cooling tower. 

Three condenser circulating wa- 
ter and three chilled water circulat- 
ing pumps, each having a capacity 
of 500 gpm, are installed. All these 
pumps are motor driven and are 
mantially controlled. 


Control of Turbines 


Of particular interest is the con- 
trol on the turbines driving the re- 
frigerating units. Each turbine is 
provided with a constant speed gov- 
ernor which will hold the turbine 
speed to 7640 rpm, the normal rat- 
ing of the machine. In case of 
emergency, an adjustment can be 
made whereby the capacity of the 
machine can be increased 10 per 
cent. An emergency trip governor 
is also provided for safety. 

In addition to the above men- 
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’ > 
Exhaust steam from the engines driving 
the generators goes to the turbines driv- 
ing the centrifugal compressors in sum- 
mer, the turbines exhausting at 26 in. 
vacuum into the condenser. In winter, 
one of the engines supplies steam for 
heating the plant, and the other operates 
condensing. The same condenser is used 
by the turbines in summer and the en- 
gine in winter. (O.S. = oil separator, 
B.P. = back pressure valve, and P.R.V. 
= pressure reducing valve on diagram) 


tioned governors, there is a direct 
acting variable speed hydraulic gov- 
ernor which controls the speed of 
the machines at loads below normal. 
This governor is controlled by a 
thermometer bulb inserted in the 
chilled water return line and is so 
designed to maintain a constant 
chilled water outlet temperature re- 
gardless of load. At normal rating, 
the chilled water temperature is 42 
F and the return water temperature 


is 48 F. 


Close-up view of the three condenser 
water circulating pumps and the three 
chilled water circulating pumps. In the 
background is the remote pushbutton 
panel board for controlling the motors 








Several Conditioning Syst). 


The chilled water is circula 
the air conditioning apparat 
the main building through 
installed in the underground s 
tunnel. 

The second and third floors 
factory af@m, as well as the 
and emphyees’ dining roorn, 
air condigjoned. The third ff 
the factefy is devoted to bull 
age of Hextobacco, while the s 
floor igsslhie packaging depart 
Air cog@itioning these areas insures 
the copsumer getting his toba 
the be§t«condition. The ai: 
tioningtsinstallation consists 
numbegf, separate systems, 

-for the purpose of simpli 

~are Gescribed by numbers 

Supply system S-1A, and t! 
companying exhaust system | 
furnish 5060 cfm to the first floo 
office aregs. The offices are mai: 
tained at F dry bulb and 58 peg 
cent relativgShumidity in summer, 
and 70 F dry bulb and 50 per eent 
relative humidity in winter. 

Supply system S-1B, and its ex! 
haust system E-1B, serve the dining 
room, matron’s office and the firs 
aid room on the second floor. Thes 
areas are maintained at 75 F d 
bulb and 58 per cent relative 
midity in summer and 70 F dry 
bulb and 50 per cent relative 
midity in winter. 

The air treating apparatus 
systems S-1A and S-1B is in 
basement. 

System S-2, and its exhaust E-2 
supply 41,100 cfm to the second 
floor factory area with air at a tem 
perature of 75 F dry bulb and 52 
per cent relative humidity in su 
mer and 75 F dry bulb and 52 per 
cent relative humidity in winter. 

System S-3, and its exhaust ial 
E-3, furnish 39,300 cfm to the thirds 
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floor factory area with air at a tem 
perature of 75 F dry bulb and 63 
cent relative humidity in sum- 
mer and 75 F dry bulb and 63 per 
cent relative humidity in winter. 
Systems S-2 and S-3 are sup- 
plied from dehumidifier units situ- 
ated in the pent house on the roof. 
These are spray type dehumidifiers 
supplied with chilled water in the 
summer and hot water in the winter 
by an ejector water heater for the 


pet 


sprays. Steam coils are used for 
preheater and reheater coils. The 
dehumidifiers are constructed of 
18-8 stainless steel to preclude the 
possibility of corrosion. 

Supply system 5-4, also situated 
in the pent house, supplies heated 
air only for the toilet and locker 
rooms on the second floor. All the 
units are designed to handle 25 per 
cent outdoor air and 75 per cent re- 
circulated air. 

Systems S-1A and S-1B situated 
in the basement machine room, have 
intake and exhaust louvers in the 
building walls above grade in the 
basement. Systems S-2, S-3 and 
S-4 and their corresponding exhaust 
systems have supply louvers in the 
pent house walls and discharge 
goosenecks extending above the 
pent house roof. 

All of the duct work in the fac- 
tory space is exposed, while the 
ducts in the office area and dining 
room area are concealed above sus- 
pended plaster ceilings. The offices 
and dining room, matron’s office and 
first aid room have high velocity 
ceiling type supply outlets. The 
factory area has side wall deflecting 
registers mounted on the side of the 
duct runs. 

Two large tobacco dryers are in- 
stalled on the sixth floor of the 
building. When these are in oper- 
ation they each require 50,000 cfm 
of 70 F air which, after passing 
through the dryers, is discharged 
above the roof to atmosphere. To 
supply this air eight heating units 
are suspended at the ceiling. Each 
unit has an individual outside air 
intake. These units are controlled 
in groups of four by two room type 
thermostats, with pilot duct stats in 
the fan discharges. These duct stats 
im turn control diaphragm valves 
on the steam coils and face and by- 
pass dampers. 

The control system is of the pneu- 
matic type. For the two large supply 
systems S-2 and S-3, during summer 








Noteworthy for its modern design 
is the new home of “Model” tobacco 


operation a dew point thermostat 
controls a three way valve on the 
chilled and recirculated water lines 
and the face and bypass dampers in 
the dehumidifier units. A thermo 
stat placed in the dehumidifier fan 
discharge controls the diaphragm 
valves on the steam supply to the 
reheater coils. 

In the winter, the dew point ther 
mostat controls the maximum out 
side air damper, return air damper 
and the diaphragm valves on the 
heating coils and pilots a quick act- 
ing, non-freeze thermostat which 
controls diaphragm valves on the 
preheater coils when the tempera- 
ture drops below 35 F. 

On both the second and third 
floor, there are control panels in the 
conditioned space with adjusting 
and recording mechanisms for all 
control of the two units so that it 
is not necessary for the man in 
charge of the floor to go to the pent 
house in order to change the setting 
of any of the control instruments. 

For the office section, booster 
heaters are controlled by room ther 
mostats to obtain the desired con 
ditions. There are volume control 
dampers with minimum positions 
governed by room type thermostats 
for the dining room and offices on 
the second floor. 

Heating of the factory space is by 
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means of unit heaters operating 


a vacuum system. These are 
sole means of heat on the floors that 
do not have conditioning and they 
take care of the wall and 
losses on conditioned floors 

These units are controlled 
thermostats adjacent to each heate 
in the daytime. At night, however, 
in order to maintain sufficient heat 
to keep things from freezing, but 
not sufficient to maintain 70 F as 
in the daytime, they are on a night 
control system. Each floor has a 
night thermostat in the factory with 
transfer switches to change ove 
from day to night operation. These 
night thermostats have a range of 
38 to 70 F. There is a master 
switch for each floor in the pump 
room of the power house so that the 
attendant on duty there can control 
the unit heaters at that point. Indi 
cating lights are furnished in con 
junction with the transfer switch 
to inform the operator of the con 
trol for each floor. Direct radiation 
which 1s installed in the basement is 
also under temperature control 
t] : 


rit Sut 


Considerable credit for 
cessful operation of the entire air 
conditioning system, including its 
numerous special applications, 
due to T. A. Clark, chief engineer 
of the United States Tobacco ‘ 
who worked very closely wit 
Schmidt, Garden & Erikson, archi 


tects and engineers, in the design 




















—— 








Fig. 1 





Pi ni ee et dn — 


4 welded assembly consisting of pipe and a 
tee being tested on a hydraulic tensile testing machine 


STEELS 


for Welding Fittings 


J. J. Kanter* Discusses New ASTM Spec 


HE problems presented in de- 

veloping a materials specifi 

cation for factory made 
wrought carbon steel and carbon 
molybdenum steel welding fittings 
were outlined in my article in the 
\pril HPAC. Information on the 
various processes used in the manu 
facture of such fittings was included, 
as was a discussion of the commit 
tee organization and the scope of 
the specification, which is desig- 
nated as A234-40T and published 
as tentative by the American So 
ciety for Testing Materials, 260 S. 
Broad St., Philadelphia, Pa. 

The sections of the specification 
pertaining to chemical requirements, 
heat treatment, highly alloyed steels, 
and manufacturing operations were 


*Chairman, section on welding fittings of sub 
committee XXII, ASTM committee A-1 on 


steel, and research metallurgist, Crane Co. 
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STEELS The usefulness of the new 
ASTM tentative specification for welding 
fittings, A234-40T, may not be fully ap- 
parent at first glance to the purchaser 
of welding fittings. The purchaser may 
perhaps be puzzled as to the distinct 
purpose for which such a_ materials 
specification is needed. The question 
may be raised as to why simple refer- 
ence in ASA B16.9 or B16.11, the dimen- 
sional standards, to the approved ASTM 
standards for pive, plate and billet is 
not sufficient. Why must this new num- 
ber A23440T be carried along in with 
all of the others? . . . The simplest and 
briefest reply to this question is that 
A23440T covers the quality of the fin- 
ished product and permits the purchaser 
to take advantage of the various fabri- 
cation methods. The type and form of 
the material with which the manufac- 
turer starts are so varied that a specifica- 
tion so cast enables the user to take 
advantage of the available material with 
a minimum of different specifications 
Thus, by using A234-40T for the mate- 
rial designation for wrought welding fit- 
tings, the purchaser can dispense with 
choosing among the detailed requirements 
of a number of ASTM specifications 


also considered in April 
month we take up carbon 
denum fittings, welding opera 
testing and certifying, and the 
ing of fittings. 


Carbon Moly Fittings 


Carbon molybdenum steel 
are required by A234-40T 
heat treated according to the AS 
prescriptions for the type ol 
terial from which they are 
cated. In the case of pipe cov 
by A206-40T, whether hot or 
finished, a stress relief anneal 
quired. The requirement for 
treatment under A204-39 for | 
fabricated from molybdenum 
plate are less exacting than 


for carbon molybdenum steel 
No heat treatment definitions 
stated in A204-39, other than d 
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sons that heavy plate over 2 in. in 
| iness shall be uniformly heat 
treated to produce grain refinement. 
Therefore, the reference in A234- 
10T to the heat treatment prescrip- 
tion of A204-39 (see Table I, re- 
orinted on p. 214, April HPAC, by 
permission ) may be open to some 
question in view of the fact that 
welding fittings, where fabricated 
from plate, will in general be made 
from lighter than 2 in. thickness. 
Carbon molybdenum steel fittings 
forged from billets or bars, as for 
instance tees or reducers, are re- 
quired to be heat treated under the 
provisions of the specification for 
alloy steel pipe flanges, A182-40, in 
which a heat treatment proper to 
design and chemical composition is 
specified, but the method of heat 
treatment is left to the option of the 
manufacturer. In view of the fact 
that carbon molybdenum steel used 
in fittings and governed by A182-40 
is probably all fabricated by hot 
forming and hot finishing operations, 
the only questionable loophole in 
this part of the specification would 
be a manufacturer exercising the op- 
tion to omit a separate stress relief 
heating on the grounds that grade 
Fl hot finished is suitably stress re- 
lieved. Strictly speaking, the re- 
quirement of A234-40T with respect 
to heat treatment of A206-40T fab- 
ricated pipe is more exacting than 
for forgings made from A18&2-40 
grade Fl or plate fabrications using 
\204-39. This is a matter which 
probably will have to be clarified by 
the ASTM committee before A234 
is finally adopted as a standard. It 
may develop through the tentative 
use of A234-40T that these require 
ments will need amplification to 
cover independently the heat treat- 
ment requirements for carbon 
molybdenum steel welding fittings. 


Welding Operations 


Fittings manufactured through 
the use of a welding operation, 
whether it be forge or fusion weld- 
ing, are all required to receive a 
heat treatment subsequent to form- 
ing. In the case of a forge weld- 
ing, a method not extensively used, 
either normalizing or full annealing 
after welding is prescribed in all 
cases by A234-40T because of the 
tendency for such an operation to 
leave the steel in a grain coarsened 
or “burnt” condition, if not fol- 


» 


, 





Fig. 2 A group of typical assemblies, made 
with welding tees, subjected to a tensile pull test 


lowed by a proper heat treatment 
Fusion welded fittings are re 


quired by A234-40T to be heat 


treated in accordance with code 


rules governing fabrication welding 
(ASA B31.1, section 6) in which 
the welding procedure, preheating 
practice and stress relieving treat 
ment are prescribed. The latest 
version of the rules governing stress 
relieving, which will appear in the 
revised code for pressure piping, 
are as follows: 

(a) (1) Welded joints in carbon steel 
shall be stress relieved by one of the 
methods described in this section when 
the pipe wall thickness is 4 in. or greater 
(2) Welded joints in carbon steel hav 
ing a carbon content in excess of 0.32 
per cent and in carbon molybdenum steel, 
shall be stress relieved when the wall 
thickness is ¥% in. or greater. (3) In all 
cases, the member having the highest 
carbon content or the greatest wall thick 
ness adjacent to the point of welding 
shall govern. When slip on type flanges 
are attached by fillet welds, the thickness 
of the pipe shall govern 

(b) Stress relieving shall be done by 
heating to a temperature between 1100 | 
and 1250 F. The parts heated shall Ix 
brought slowly to the required tempera 
ture and held at that temperature for a 
period of time proportioned on the basis 
of at least one hour per inch of pipe wall 
thickness for carbon steel and two hours 
per inch of pipe wall thickness for carbon 
molybdenum steel, but in no case less than 
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one-half hour, and shall be allows 
cool uniformly 

‘4 } Stress rely vil : » all ‘ ‘ ‘ 
plished by one of the following met! 


1. Heating the complete structurs 


unit 

2. Heating a complete section contai 
me the weld or welds to | stress 
lieved before attachment to other sect! 
of work 

Heating a part of the work by heat 

ing slowly a circumferential band cor 
taining the weld at the center Phe widtl 
of the band which is heated to 1100 F t 


1250 F shall be at least equal to twic« 


the width of the weld* and the tempera 

ture shall be allowed to diminish grad 

ually outward from the ends of the band 
Wi ‘ wid t ‘ 

nart of the we ve , } 

t} widtl f the |} o é t 

t h ‘ 1 rew emet 


Testing and Certifying 


Tension tests of the finished fit 
tings are not required under A234 
40T. In general, hydrostatic tests 
are a much better criterion of the 
quality and serviceability of fittings 
than are tension tests and provision 
is made in A234-40T that fittings 
be capable of withstanding a hydro 
Static pressure test. Hydrostatic 
tests or tension tests for acceptance 
purposes are made a matter for 
agreement between manufacturer 
and purchaser, certification that fin 
ished fittings conform to the re 
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quirements of A234-40T being the 
understood basis of acceptance. 
Large purchasers of fittings may 
wish to agree upon the definition of 
a “lot” of fittings and then decide 
upon suitable acceptance tests, pro- 
vided it is possible to follow the fit- 
tings through the course of their 
manufacture. Where fittings are to 
be taken from stock, however, it be- 
comes virtually impossible to iden- 
tify fittings with their individual 
pedigrees and certification by the 
manufacturer that the fittings con- 
form to the various mandatory re- 
quirements of ASA _ BI169 or 
B16.11 and were made from the im- 
plied ASTM specifications seems to 
be the only workable basis of cer- 
tification. 

Chemical analysis upon the origi- 
nal material from which a lot of fit- 
tings has been made, of course, es- 
tablishes the composition of the 
finished fitting as well as a check 
analysis upon the finished fitting. 
Certification of chemical analysis 
from the mill analyses should suf- 
fice to satisfy the buyer of the grade 
of steel, unless such identification 
either cannot be made or is not ac- 
ceptable. A tensile test, however, 
made upon the original material 
prior to fabrication is not pertinent 
to establishing the properties of the 
finished fitting. The forming oper- 
ations invariably alter the tensile 
properties and, ir general, heat 
treatments are used on the finished 


product which establish different 
tensile properties than are to be 
found in the raw material. Thus, 
whenever any serious question 
arises as to whether the unprocessed 
steel has sufficient quality to yield 
the desired tensile properties in the 
finished product, tests must be made 
upon specimens cut from fittings. 
Where this is not possible, due 
either to small size, or shape, or 
expense of the fittings, demonstra- 
tion of the quality of the steel may 
be resorted to by processing suitable 
samples for tension tests in such a 
manner as to obtain the benefit of 
the reduction and heat treatment 
accorded the actual fittings. Such 
tensile testing, however, is a matter 
for agreement between manufac- 
turer and purchaser to suit a par- 
ticular need, but becomes too in- 
volved as a basis for acceptance in 
standard specifications. 


Marking Fittings 


The marking requirements for 
wrought welding fittings set up in 
A234-40T are essentially those to be 
found in ASA B16.9 or B16.11 
Some difficulty was encountered by 
the ASTM committee when consid 
ering marking requirements in con- 
nection with fittings on which steel 
stamp marking might be considered 
by an inspector to encroach upon 
the minimum wall thickness require- 
ment for the fitting. In the case 
of alloy steel fittings, particularly, 


stamp marks are regarded by 

as a possible source of crack: 
footnote in the specification ad 
that where steel stamps are 

care should be taken so that 
marking is not deep enough to 

cracks or to reduce the wall | 
ness of the fitting below the 

imum allowed. 

The method of marking has 
left open so that manufacturers 
ferring to use stenciling or tag; 
are permitted to do so. In the 
of stenciling, or the use of d 
comanias, gummed labels, et: 
course, the chances that the n 
ing will become obliterated 
the fittings lie in stock is to b 
oned with. Some manufactu: 
prefer to identify small car! 
molybdenum fittings with steel | 
attached by spot welding. Ag 
however, the objection has 
raised that the spot or tack 
ing necessary for the attachment 
steel tags to an alloy steel fitting 
quite likely to leave a locally | : 
dened or heat affected objecti 
able zone on the fitting, unless 1 
zone is carefully stress relieve 
Thus valid objections stand agai: 
any of the working methods whic! 
are considered and it is apparent 
that more field experience wit 
markings is needed to determin: 
best practical methods. 

[This is the second of two arti 
Vr. Kanter on this new ASTM sp 
tion. The first appeared in ti 
HPAC.] 





MEAT PACKER SOLVES COOLING PROBLEMS 


Use of high velocity air dif- 
fusers in a series of refrigerated 
rooms has solved certain problems 
of dehydration and has materially 
reduced cooling time in the plant 
of Stahl-Meyer, Inc., New York 
City, meat packers, by eliminating 
uneven temperatures. 

In the sausage chilling room 
where pork sausage is set after 
the links have been stuffed, a 
temperature of 34 F is maintained. 
Under the previous system the set- 
ting of the product required from 
12 to 24 hr, but with the new sys- 
tem in operation this time has 
been reduced to approximately 2 
hr, it is stated. 

According to tests made at the 
plant, dehydration of products, 
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—Molitor photo, courtesy Anemostat Corp. of America 


Uneven temperatures eliminated 


such as boiled ham and link saus 
age, has been reduced by 2 per 
cent. It was also found that the 
sausage retains its bloom for a 


longer period of time when on sal 
in a retail store. The product cool 
quickly, evenly and thoroughly, the 
appearance of the product is pre 
served, and its keeping qualities 
are enhanced. Temperatures ar 
closely equalized throughout t! 
boiled ham cooler, in spite of 
close spacing of the meat in 
racks, it is reported. 

Another important point in 
nection with the installation is t 
formerly employees working in the 
low temperature rooms were w! 
comfortable because of excessivé 
drafts. Since air velocities hav 
been equalized throughout t!x 
room, employees are now abl 
work in comparative comfort, eve! 
at low temperatures, it is said. 
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THE WATER-AIR CHART 


Its Use for Solving Problems Involving the Exchange of 
Heat Between Air and Water ...... By William Goodman* 





HE water-air chart shown on 

p. 222 of the April HPAC 

provides a graphical method 
for solving a great many types of 
problems dealing with the exchange 
of heat between air and water. The 
chart itself and its use were ex- 
plained last month, and a table 
showing the values of N and @ was 
presented. This month, the solutions 
of various types of problems are 
explained with illustrative exam- 
ples. 


Heating in Parallel Flow 


In most air washers the flow of 
air and the flow of water are paral- 
lel to each other. Example 1 illus- 
trates the solution of a problem 
involving the heating of air in par- 
allel flow with water. 

Example 1—Air at an initial wet bulb 
temperature of 50 deg is to be heated in 
a parallel flow spray chamber with water 
at an initial temperature of 115 deg. 0.33 
lb of water per Ib of airt is to be used. 
The barometric pressure is 28 in. Find: 
(a) the highest final wet bulb tempera- 
ture to which the air can theoretically be 
heated; (b) the final wet bulb tempera- 
ture of the air and the final temperature 
of the water if the efficiency of the ap- 
paratus is 75 per cent. 

Solution— 

a) The skeleton chart of Fig. 4 (p. 
224, April HPAC) illustrates the method 
of using the water-air chart of Fig. 1 
(p. 222, April HPAC) to solve this 
problem. Locate point 7 where the hori- 
zontal enthalpy line corresponding to the 
initial wet bulb temperature of 50 deg 
intersects the vertical line representing 
the initial water temperature of 115 deg. 

From equation 4 on p. 224, April 
HPAC, N = 0.33. Using Table 2 (p. 
223, April HPAC) for N = 0.33, @ = 
28°-6". Draw line 1-3 through point 7 
at an angle of 28°-6’ with the horizontal. 


be onsulting engineer, The Trane Co. Member 
pe a AC’s board of consulting and contributing 
' ors, 

Copyright, 1941, by William Goodman. 

tThe ollowing relationship between pounds 
J water per pound of air and gpm per 1000 
cfm will frequently prove useful: 
fe’ ., . 8Pm/1000 cfm = 9 G’ 
where G’ is weight of water circulated, pounds 
per pound of dry air. . This relationship is true 
oats for standard air having a density of 

5 pounds per cubic foot. 


of 


The highest final wet bulb temperature 
to which the air can theoretically be 
heated is read at point 3? where line 1-3 
intersects the saturation curve for a baro- 
metric pressure of 28 in. The highest 
possible final wet bulb temperature of 
the air is 70.3 deg as read at point 3. 
This is also the lowest final temperature 
to which the water can theoretically be 
cooled. 

b) Locate point 2 on line J-3 in such 
a manner that the length of line 1-2 is 75 
per cent of the length of line 1-3. The 
final wet bulb temperature of the air will 
be 66 deg as read where the horizontal 
enthalpy line through point 2 intersects 
the saturation curve for 28 in. The final 
temperature of the water will be 81.7 
deg as read on the vertical line through 
point 2. 


Cooling in Parallel Flow 


The following example illustrates 
the method of solving a parallel 
flow problem in which air is cooled 
by water. 

Example 2—Air at an initial wet bulb 
temperature of 78 deg is to be cooled in 
a parallel flow process by water at an 
initial temperature of 52 deg. The baro- 
metric pressure is 29 in. The water used 
amounts to 0.55 lb per Ib of air. Find: 
(a) the lowest final wet bulb temperature 
to which the air can theoretically be 
cooled; (b) the final wet bulb tempera- 
ture of the air and the final temperature 
of the water if the efficiency of the ap- 
paratus is 85 per cent. 





Symbols 


c’ =specific heat of liquid. 

G’ = weight of liquid circulated, lb per 
Ib of dry air. 

h=enthalpy of saturated air at wet 

bulb temperature ?’. 

N=see Table 1 on p. 221, April 

HPAC, for equations for N. 

te = temperature of liquid, F. 

t’ = wet bulb temperature of air, F. 

@=angle for N-line. 

Numerical subscripts refer to condition 
of air or liquid at various points in heat 
transfer process. For example, sub 
scripts 1 and 2 refer respectively to ini- 
tial and final conditions of air or liquid. 
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Solution— 

a) Fig. 6 illustrates the use of the 
water-air chart for this example. Locate 
point 7 where the horizontal line repre 
senting the initial enthalpy of the air 
corresponding to the initial wet bull 
temperature of 78 deg—intersects the 
vertical line representing the initial water 
temperature of 52 deg 

From equation 4 on p. 224 of the April 
HPAC, N 0.55. Referring to Table 
(p. 223, April HPAC), for N 0.55 
a 41°-40’. Through point 2 (see Fig 
6) draw N-line 7-2 at an angle of 41 
40’ with the horizontal. This N-line in 
tersects the saturation curve correspond 
ing to the barometric pressure of 29 in 
at point 2. 

The lowest final temperature to whicl 
the air can theoretically be cooled is 68.4 
deg as read at point 3. This is also th 
highest final temperature to which the 
water can theoretically be heated 

b) Locate point 2 on line 1-3 of Fig. 6 
in such manner that the length of line 
I-2 is 85 per cent of the length of lin 
1-3. The final wet bulb temperature of 
the air will be 70 deg as read where the 
horizontal enthalpy line through point 
intersects the saturation curve for 29 in 
The final water temperature will be 66 
deg as read at point 2. 


Fig. 6—N-line 1-3 represents the cooling 
of air by cold water. Angle @ is meas- 
ured from the horizontal 





| - 4 + 


291 


























Heating in Counterflow 


In vertical cooling towers, coun- 
terflow of air and water is widely 
used. The water-air chart will prove 
particularly illuminating in the solu- 
tion of counterflow problems and in 
showing the limiting conditions that 
are obtainable. In counterflow, the 
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> LENGTH OF TRAVEL 
OF AIR AND WATER 


Fig. 7—Heating air with warm water in 

counterflow. The dotted lines represent 

one of the limiting cases. For the limit- 

ing case illustrated here, the water is 

cooled to the initial wet bulb tempera- 
ture of the air 


limiting conditions are difficult to 
visualize without the chart. 

In parallel flow the initial tem- 
peratures of the air and water inter- 
sect at a point on the water-air 
chart. In counterflow—on the other 
hand—this is not the case. As can 
be seen in Fig. 7, the air at the 
initial wet bulb temperature is in 
contact with water at the final tem- 
perature. Unless the final temper- 
ature of the water is known, the 
point representing the intersection 
of the initial enthalpy of the air with 
the final temperature of the water 
cannot be drawn on the water-air 
chart. All that can be done is to 
first draw on Fig. 8 line 3-6 repre- 
senting the initial enthalpy of the 
air, and line 4-7 representing the 
initial temperature of the water. 
These two lines form a right angle. 
Now, before the N-line can be 
drawn, one of the following quanti- 
ties must be known: (a) the final 
temperature of the water; (b) the 
final wet bulb temperature of the 
air; or (c) the efficiency of the 
process. Thus, in Fig. 8 if the final 
water temperature is known, it is 
evident that point 7, representing 
the intersection of the final water 
temperature with the initial en- 
thalpv of the air, can be located. If 
the N-line is now drawn through 
point s, the final enthalpy of the 
air can be read at point 2 where the 
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N-line intersects the vertical line 
representing the initial water tem- 
perature. 

If the final water temperature 
were represented by point 3? instead 
of point 2, a second N-line parallel 
to the first one could be drawn as 
in lig. 8. In this case, the final 
enthalpy of the air would be repre- 
sented by point 7. Thus, it is ap- 
parent that, unlike parallel flow, a 
different N-line must be drawn for 
each final temperature of the water 
or final enthalpy of the air. In par- 
allel flow, all of the points repre- 
senting the final conditions lie on 
the same .V-line. In counterflow, a 
ditferent N-line must be drawn al- 
though all of the N-lines will be 
parallel to each other. 

If the exchange of heat between 
the air and water is represented by 
a line such as 1-2 of Fig. 8, then the 
intermediate temperatures of the air 
and water can be read at a point on 
the same line 1-2. Thus, if at some 
point in the process, the water tem- 
perature is represented by the ver- 
tical line through point 5, the en- 
thalpy of the air can be read on the 
horizontal line passing through the 
same point. 

The limiting condition (that ts, 
the highest final wet bulb to which 
the air can theoretically be heated 
in a perfect apparatus) is obtained 
when the water is cooled to as low 
a temperature as is possible. It is 
apparent that for the case illus- 
trated in Figs. 7 and 8, the lowest 
possible temperature to which the 
water can theoretically be cooled is 
the initial wet bulb temperature of 
the air. Consequently, point 6 in Fig. 
8 is located where the vertical line of 
water temperature which is equal to 


SUMMARY—The water-air chart pro- 
vides a graphical method by which a 
great many types of problems dealing 
with the exchange of heat between air 
and water can be greatly clarified and 
conveniently solved for numerical an- 
swers. It can be used not only for prob- 
lems involving the exchange of heat be- 
tween air and water in spray chambers 
and coils, but also for problems dealing 
with the temperature of the spray water 
in evaporative condensers and spray 
coolers, and for problems dealing with 
the surface temperatures of coils. . 

The water-air chart provides a particu- 
larly clear picture of the action taking 
place in air washers, cooling towers and 
coils. With its aid many difficult prob- 
lems can readily be visualized and solved. 
This is particularly true of counterflow 
problems, otherwise difficult to visualize 











| 
| 

| cimerrTene 
| w-iiNe 
| 

| 

| 

| 

j 

| 

| 





No 


| 


a os 


{ tue ly 


Fig. 8—N-line 1-2 represents the heating 
of air by warm water in counterflow 
The highest theoretical wet bulb tempe: 
ature to which the air can be heated ji. 
read at point 7 on the limiting \-line 6. 


the initial wet bulb temperatu: 
crosses the saturation curve. T] 
point represents the intersection o 
the final water temperature with th 
equal initial wet bulb temperature 
By drawing an N-line through point 
6 parallel to the other N-lines, the 
highest final wet bulb temperature 
to which the air can theoretically b« 
heated may be read at point 
which hes at the intersection of the 
limiting N-line with the vertical lin: 
of initial water temperature. 

The N-line 6-7 illustrated in Fi 
8 represents only one type of limit 
ing N-line. There are other types 
which may be drawn from different 
points on the saturation curve 
These are discussed in more detail 
later. 

The efficiency of a counterflow 
process is represented by the ratio 
of the length of the N-line for the 
actual process to the N-line for the 
limiting case. Thus, in Fig. 8, for 
the process represented by line 1-2, 
the efficiency would be equal to the 
ratio of the length of line 1-2 to 
line 6-7. 

Example 3 illustrates the solution 
of a problem in counterflow. 

Example 3—Air enters the bottom oi 
a vertical cooling tower at an initial wet 
bulb temperature of 75 deg. The water en 
tering at the top of the tower is 9° deg 
The weight of water circulated is 0.5 lb 
per Ib of dry air. The barometr« 
pressure is 27 in. Find: (a) the final 
wet bulb temperature to which the ai 
will be heated if the water is cooled to 
a final temperature of 79 deg; (b) the 
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temperature of the water in the tower at 


the point where the wet bulb tempera- 
ture of the air is 78 deg; (c) the high- 
est final wet bulb temperature to which 
the air can theoretically be heated; (d) 
the efficiency of the process in part (a) 
{ this example. 

Solution 

a) Fig. 8 illustrates the use of the 
water-air chart (shown on p. 222, April 
HPAC) for this problem. Locate point 
, at the intersection of the vertical line 
of 75 deg with the saturation curve for 
a barometric pressure of 27 in. Through 
point 6 draw the horizontal line 6-3 rep 
resenting the initial enthalpy of the air. 
Draw the vertical line 4-7 representing 
the initial water temperature of 93 deg. 
Locate point r where the vertical line 
representing the final water temperature 
§ 79 deg crosses the horizontal line 6-3. 


From equation 4 on p. 224 of the April 
HPAC, N = 0.5. From Table 2 (p. 223, 
April HPAC) for N = 0.5, @ = 38°-58". 
Draw the N-line through point / at an 
angle of 38°-58’ with the horizontal. The 
final enthalpy of the air may be read at 
point 2 where the \-line intersects the 
vertical line of initial water temperature. 
The final wet bulb temperature of the 
air is read where the horizontal line of 
final enthalpy through point 2 intersects 
the saturation curve for 27 in. The final 
wet bulb temperature of the air will be 
81.2 deg. 

b) Locate the point where the vertical 
line of 78 deg wet bulb intersects the 
saturation curve for 27 in. barometer. 
Extend a horizontal line through this 
point until it intersects N-line 1-2 at 
point 5. The water temperature as read 
at point 5 will be 85.5 deg. 

c) To determine the highest final wet 
bulb temperature to which the air can be 
heated, draw through point 6 an N-line 
which is parallel to line 7-2. This second 


Fig. 9—Location of limiting N-line for 
case in which the final wet bulb tempera- 
ture of the air reaches the initial tem- 
perature of the warm water in counter- 
flow heating. The lowest theoretical 
temperature to which the water can be 
cooled is read at point 3 on limiting 
N-line 2-3 





N-line intersects the vertical line j-7 ot 
initial water temperature at point 7. The 
horizontal line through point 7 repre 
sents the highest possible final enthalpy 
of the air. The highest final wet bulb 
temperature of the air is read where the 


/ 


horizontal enthalpy line through point 
intersects the saturation curve for 27 in 
The highest possible final wet bulb tem 
perature to which the air can theoreti 
cally be heated is 82.8 deg. 

d) The efficiency of the process as de- 
termined from the ratio of the length of 


line 1-2 to line 6-7 is 78 per cent 


Limiting N-Lines 


in Counterflow Heating 


The case of the limiting \V-line 
for which the final water tempera- 
ture is cooled to the initial wet bulb 
temperature of the air has been dis 
cussed in the preceding section, 
There are other cases in which the 
final wet bulb temperature of the 
air may theoretically be equal to the 
initial temperature of the water. 
There are still other cases in which 
the wet bulb temperature of the air 
and the temperature of the water 
may theoretically be the same at 
some intermediate point in the proc 
ess. In other words, the initial and 
final temperatures of the air and 
water differ, but they are the same 
at some intermediate point. These 
cases, which are illustrated in Figs. 
9 and 10, all depend upon the slope 
of the N-lines, which in turn de 
pend upon the weight of water. 

On the saturation curve the wet 
bulb temperature and the tempera- 
ture of the water are always equal. 
For any point to the right of the 
saturation curve, the water temper- 
ature is higher than the wet bulb 
temperature of the air. Obviously, 
air can be heated by water only as 
long as the temperature of the water 
is higher than the wet bulb tem- 


perature of the air. The transfer oi 
heat ceases whenever these two 
temperatures become equal. Conse 
quently the limiting N-line is ob 
tained whenever the first \-line, 
which les wholly to the right of 
the saturation curve, just touches 
the saturation curve—regardless of 
whether the N-line passes through 
one of the terminal temperatures or 
through an intermediate tempera 
ture. 

\lthough limiting \-lines can bi 
drawn through any point on the sat 
uration curve which lies between 
points z and 2 of Figs. 9 and 10, it 
is obvious that of all the parallel 
V-lines that can be drawn, only one 
will le wholly to the right of the 
saturat on curve. It is important to 
realize that the limiting line must 
le wholly to the right of the sat 
uration curve; if any portion of it 
les io the left of the curve, that 
portion of the limiting line will ob 
viously represent an impossible con 
dition for heating—one where the 
temperature of the water is lower 
than the wet bulb temperature of 
the air. Of a series of parallel 
N-lines, the one WN-line’ which 
touches the saturation curve without 
any portion of it extending to the 
left of the saturation curve is the 
limiting N-line from which the the 
oretical final temperatures should be 
computed. 


Cooling in Counterflow 


In counterflow cooling, — the 


V-lines all lie to the left of the sat 
uration curve. All of the discussion 
in regard to the various uses of 


Fig. 10—Location of limiting N-line for 
ease in which the wet bulb temperature 
of the air becomes equal to the tem- 
perature of the water at some interme- 
diate point in counterflow heating 
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N-lines for counterflow heating also 
apply to counterflow cooling. 

In counterflow cooling the limiting 
N-line of Fig. 11 must pass through 
either point z or 2 which represents 
the combination of terminal temper- 
atures. Unlike the limiting N-lines 
for heating air, a limiting N-line for 






——</M1TING 
Nw -LINE 


Fig. 11—Location of limiting N-line for 

case in which the final wet bulb tempera- 

ture of the air becomes equal to the 

initial temperature of the cold water in 

counterflow cooling. The highest tem- 

perature to which the water can be 
heated is read at point 5 


= — - 





Fig. 12—Limiting N-line for counterflow 
cooling in which initial and final tem- 
peratures of air and water are equal 


cooling air cannot touch any point 
on the saturation curve between the 
terminal points r and 2 without ex- 
tending to the right of the saturation 
curve. Of a series of parallel 
N-lines, the one WN-line which 
passes through one of the terminal 
points.and which lies wholly to the 
left of the saturation curve is the 
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limiting N-line from which the the- 
oretical final temperature may be 
found for counterflow cooling. 

Although the limiting N-line can- 
not touch any point on the satura- 
tion curve between the terminal 
points r and 2 of Fig. 11, it is ob- 
vious from Fig. 12 that an N-line 
can pass through both points 7 and 
2 without extending to the right of 
the saturation curve. Consequently 
for cooling air, the limiting N-line 
must pass through one of the ter- 
minal points or through both of the 
terminal points, but it cannot pass 
through any point on the saturation 
curve between the terminal points 
without extending to the right of 
the saturation curve. 

The solution of a problem in 
counterflow cooling is illustrated by 
example 4. 

Example 4—Air at an initial wet bulb 
temperature of 72 deg is to be cooled by 
water at an initial temperature of 48 
deg. The weight of water supplied is 
0.8 lb per Ib of dry air and the barometric 
pressure is 28 in. Find: (a) the lowest 
theoretical final wet bulb temperature of 
the air and the highest theoretical final 
temperature of the water. (b) the final 
wet bulb temperature and the final water 
temperature if the efficiency is 80 per 
cent. 

Solution— 

a) Referring to Fig. 11, horizontal line 
2-3 corresponds to the initial enthalpy of 
the air at a wet bulb temperature of 72 
deg and a barometric pressure of 28 in. 
The vertical line z-4 represents the ini- 
tial water temperature of 48 deg. 

From equation 4 on p. 224 of the April 
HPAC, N=0.8. From Table 2 on p. 
223 of the April HPAC for N = 0.8, @= 
52°-18’. Obviously, for this N-line, the 
air can theoretically be cooled to the ini- 
tial water temperature of 48 deg; that is, 
to point r of Fig. 11. The limiting N-line 
through point 7 is line 1-5. The highest 
theoretical possible final water tempera- 
ture is 69.7 deg as read at point 5. 

b) Draw line 6-7 parallel to 1-5. So 
locate line 6-7 that its length will be 80 
per cent of the length of line 7-5. The 
final wet bulb temperature of the air as 
read at the point where the horizontal 
enthalpy line through point 6 intersects 
the saturation curve for 28 in. is 53.9 deg. 
The final water temperature as read on 
the vertical line through point 7 is 65.4 
deg. 


Visualizing Location of N- Lines 


As an aid to memorizing the loca- 
tion of N-lines for the problems just 
described, refer to Fig. 13. Notice 
that the initial temperatures for 
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Fig. 13—Rectangle for visualizing loca 
tions of N-lines 


heating and cooling form a recta: 
gle. Parallel flow cooling or heating 
always takes place along N-lines 
drawn only from points 7 and 
Counterflow cooling or heating takes 
place along diagonals such as 3-4 
or 5-0. 

[This is the second of a series of ar 
ticles on the water-air chart.] 





RADIANT HEATING 


Tue Eprror— 

F. W. Hutchinson’s article on ra 
diant heating in the April HPAC 
was indeed most interesting. I for 
one am particularly glad he has 
pointed out that there are factors 
other than the radiant comfort the 
ory which greatly affect the selec 
tion and design of such heat ex 
change surface. For example, he 
pointed out that other considerations 
such as the relative responsiveness 
to control and flexibility of operation 
and the ability of the panel fully to 
utilize the circulating fluid in the 
energy exchange, as well as the other 
factors of maintenance, repair and 
costs, are also important. 

However, I personally feel that 
responsiveness to control and flex: 
bility of operation are really para 
mount points. Using, of course, the 
cast iron type of panel he described 
you do get greater flexibility of 
control in more rapid cooling, and 
since this is possible there is far less 
residual heat in the panels, which I 
think is an important matter.—-CarL 
F. Boester, director of housing re- 
search, Purdue University. 
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Proper Operation at Minimum Cost 


If Piping Layout Is the Right One 


The Chief Has Gard Analyze the Piping for Their New 
Diesel Engine Cooling System...By A. C. Kirkwood 


PIPING LAYOUT — In past months, 
you've listened in on other piping discus- 
sions of the Chief and Gard, as reported 
by A. C. Kirkwood of the Burns & 
McDonnell Engineering Co. (consulting 
engineers) and a member of HPAC’s 
board of consulting and contributing edi- 
tors. This month, they take up the 
question of the piping design and layout 
for the new diesel engine cooling system 
at their plant. It comprises a two circuit 
installation, as there is an inner or jacket 
water system and an outer or raw water 
system. The jacket water is cooled in 
coils by means of the raw water, and the 
raw water is cooled in towers. . . . For 
economical operation under the various 
conditions of load and wet bulb tem- 
peratures that must be met, it is essential 
that the piping be sized properly to 
enable the best use of the investment in 
pumps. This is done by Gard in the 
report he prepares for the Chief by 
plotting the curves shown in Figs. 3 
and 4. How curves of this kind are used 
in such problems is explained in the text 





Fig. 1—The inner or jacket water piping 
circuit. Hot water from the engines goes 
to the hotwells, is pumped through the 
cooling coils, and from there goes back 
to the engines. Valves marked A serve 
as isolators for use in making further 
extensions and thereafter will serve as 
header sectionalizing valves. Valves 
marked F will be required in the future 


HIEF, I wonder if the con- 

sulting engineers designing 

our new diesel plant cooling 
system have the correct idea on the 
piping layout ?” 

“Well, what's the trouble, Gard?” 

“Oh, they pipe it up as though the 
cooling system was complicated. 
Frankly, I can’t see anything but a 
few pumps and cooling coils and en- 
gines. Then, too, they have larger 
piping than I think is necessary. I 
wish you’d look over these plans, 
Chief.” 

“I already did, Gard. Before you 
criticize too severely, perhaps you 
should examine the reasons for 
their design. These specifications 
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and prints for the cooling towers, 
engines and pumps have just ar- 
rived. Read them over, then 
analyze the operating conditions in 
the light of these wet bulb variation 
tables and this expected load analy 
sis. Write me a short report on 
your findings, and then let’s see 
what your criticisms amount to.” 
* * * 

Cooling tower and engine jacket 
water piping must meet several dis- 
tinct sets of operating conditions. 
To accomplish this successfully, the 
designer must analyze correctly the 
different sets of conditions and the 
operator must follow the designer’s 
intended operating procedures. The 
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penalty for failure on the part of 
either is adverse water temperatures 
and probable loss of money in in 
vestment and operating costs. 

Assuming that the correct en 
gines have been selected, and that 
the cooling tower has been selected 
to meet varying engine requiré 
ments, the problem confronting the 
piping designer is one of adequacy, 
reliability and flexibility. 

The first step is acknowledgment 
of the specific major requirements 
The mere fact that a cooling tower 
is used indicates a lack of other 
source of adequate cooling water. It 
admits dependence upon 
pheric wet bulb temperatures. This 
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temperature varies with the seasons, 
and consequently operation of the 
tower must be varied to conform. In 
most cases the operating load will 
vary during the day and the year. 
Flexibility of tower operation must 
be provided for by proper piping 
arrangements. 

Although pressures and tempera- 
tures are low, the piping is subject 
to the usual elements of deteriora- 
tion and injury; minimum safe- 


two groups—single and double cir- 
cuit—with the double circuit group 
being the more desirable under most 
circumstances. In this group the 
design employs an inner or jacket 
water circuit so that the same water 
is always recirculated through the 
jackets, thus eliminating possibility 
of scale deposits. The outer circuit 
recirculates raw or (sometimes) 
treated water to which is added 
necessary make up for use in the 
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Fig. 2—The outer or raw water piping 
cireuit. The source of heat is the cooling 
coils of the jacket water system shown in 
Fig. 1. The hot raw water is collected in 
the basin and sump at the bottom of the 
tower. The valve designations A and F 
have the same meaning as in Fig. | 


guards to insure uninterrupted 
service are therefore required. 
Needless to say, piping of adequate 
size must be installed. If an early 
increase in capacity is expected the 
original piping should permit future 
additions without wastage of the 
original investment. A word of 
caution: Requirements of flexibility 
of engine, tower and pump opera- 
tion are essential; elimination of 
false or unwarranted friction heads 
is necessary. Piping friction hav- 
ing a low order of variation is a de- 
sirable aid to proper operation. 

Other factors may influence pip- 
ing design and operation. For in- 
stance, fuel oil storage tanks can be 
(and frequently are) heated by en- 
gine jacket water during months of 
low temperature. Some building or 
space heating may be done by the 
jacket water. 

Several types of systems employ- 
ing cooling towers are in use. Gen- 
eral classification divides them into 
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cooling tower proper. Piping is 
thus required for two distinct 
services. 


Two Circuit System 


« 


Schematic diagrams of a two cir- 
cuit cooling system are shown in 
Figs. 1 and 2, the former being the 
inner or jacket water system and 
the other the outer or raw water 
system. 

Considering first the jacket wa- 
ter system, it is seen that the 
source of heat is three engines and 
the heat dissipation units are cool- 
ing coils. Circulation is by means 
of three jacket water pumps and for 
purposes of this discussion they are 
assumed to be identical. Hot wa- 
ter from all engines is discharged to 
either or both hotwells at the will 
of the operators, whence it enters 
the suction header. Any one or 
more of the jacket water pumps 
passes the water through the cool- 
ing coils and on to the appropriate 
engines. The installation is ar- 
ranged for future additions, and 
consequently provisions are in- 
cluded to permit connections to fu- 
ture equipment without undue shut- 
down of existing equipment or loss 


of service. Since all services 


well below rating of valves and 
cause only a few operations a 
would be the maximum expec 
the full reliability and flexib; 
gained by installing a loop hea 
system can be deferred until the 
ture, when additional major eq 
ment is to be installed. 

Valves marked A serve as is 
tors for use in making future ext 
sions and thereafter will serve 
header sectionalizing valves. Th 
marked F will be required in the 
ture as sectionalizing valves but n 
be omitted for the present. 
omitted in the original installati 
it is possible to install spool pie 
which have the same face-to-face 
the valves, thereby reducing outay: 
time and cost of future installati 

Before considering the actual 
conditions involved in a_ typical 
jacket water problem, it is well 
consider the basic requirements 
the raw water circuit. Fig. 2 shows 
a typical layout. The source of heat 
is the cooling coils of the jacket 
water system. The hot raw water 
is collected in the basin and sump 
at the bottom of the tower. Aite: 
passing through screens in the suny 
or pump suction chamber to remove 
leaves, papers and other trash th 
water enters the raw water pum 
suction header. Raw water pumps 
discharge at sufficient head to eject 
the water through spray nozzles o1 
place it in the spray basin or trouglis 
at the top of the tower. From her: 
the water passes through the ai 
flow created by the fans and is 

cooled before the falling wate: 
reaches the outer surfaces of thi 
cooling coils. Upon reaching th 
coils, the water is again heated and, 
as hotter water, is again collected in 
the basin to repeat the cycle 

As in the case of the jacket wate: 
circuit, there are multiple elements 
to be considered. They are th 
tower units or cells and the pumps 
The piping shown is intended to 
provide adequate yet simple connec 
tions for this layout, with proper 
provisions for future expansion 
Valve markings are the same as for 
the jacket water circuit of Fig. 1. 


Why Piping Is Important 


The degree of satisfaction 
achieved in operating the cooling 
system depends materially upon the 
‘ase with which the piping layout 
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responds to the varying operating 
conditions. This response is meas- 
ured not only by the flexibility and 
reliability of the layout, but also 
upon the proper selection of pipe 
sizes. Pumps will not adequately 
serve multiple unit cooling towers if 
pipe sizes are too small unless either 
a large number of small pumps or 
a few large pumps are installed. The 
‘deal situation would be where the 
operation of another pump would 
result in a proportionate increase in 
flow. The characteristics of flow in 
piping and economic considerations 
prevent complete attainment of this 
goal, but a desirable approach to 
perfection can be made. 

In Fig. 3 two sets of curves are 
shown—the system and pump char- 
acteristic curves. The former is 
made up of static head, piping fric- 
tion and coil friction, and the char- 
acteristics of each are indicated 
separately. Static head is constant. 
Coil friction, identical for each of 
the three coils indicated, varies with 
coil flow. On the other hand, pip- 
ing friction varies with the total 





system flow. Static head and coil 
friction are more or less set by de 
sign conditions other than those 
under control of the piping designer 
However, selection of piping may 
(and usually does) determine the 
pumping conditions and the definite 
operating characteristics of the en- 
tire system. 

lig. 3 shows that if a three ele 
ment tower with jacket water pip 
ing similar to that diagrammed in 
Fig. 1 were installed, the shut off 
head would be 30 ft to accommodate 
the 28 ft head when three coil units 
were in service. This is based on 
one of the identical pumps serving 
one coil, the pumps having a shut 
off head of 150 per cent rated head. 
Such a pump would have what is 
considered a steep “head-capacity 
characteristic.” Further reference 
to the curve shows that two pumps 
would serve about 185 per cent the 
capacity of one coil (92.5 per cent 
of two coils) and that three pumps 
would serve about 246 per cent the 
capacity of one coil (or 82 per cent 
of each coil). 


Puinp Characteristic Curves’ | rae . 
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Similarly, seven pumps would be 
required to serve three coils. This 


condition is not desirable. 
Decreased Pipe Friction 


The results of decreased pipe 
friction are shown in Fig. 4. In 
creasing pipe sizes has reduced th 
piping friction 50 per cent, with the 
static head and the coil friction re 
maining the same. In this case the 
pump shut off head is but 30 pet 
cent above rated head and the pump 
characteristic 1s more desirably flat 
\s would be expected, the required 
number of pumps is reduced. Two 
pumps will deliver water for ap 
proximately 95 per cent of the ca 
pacity of two coils and three pumps 
will handle about 258 per cent of 
one coil, However, only five in 
stead of seven pumps are necessary 
for three coils—a saving of nearly 
30 per cent ir pump investment and 
a material saving in wiring and pip 
ing connections for the pumping 
units. Building space is likewise 
conserved, These reductions are di 
rectly attributable to more desirable 
pipe sizes. 

Should the pipe sizes used in Fig 
4 be combined with the pumps used 
in Fig. 3, the number of pumps re 
quired for three cell operation 
would be reduced to four 

If the ring header should be com 
pleted the piping friction would b 
reduced further. In fact, it would 
decrease to a point where two 
pumps would supply virtually the 
full flow to two coils, and three 
pumps would very closely approach 
the flow for which each of the three 
coils was designed, 

Vagaries of wet bulb temperature 
and operating load are such that the 
operator must be alert constantly to 
the results of changing conditions 
Wet bulb temperatures varying from 
low values (the minimum depending 
upon locality of the installation) to 
a maximum of 80 F or more are en 
countered. Under these conditions 
he must maintain uniform jacket 
water temperatures even though the 


Fig. 3—System and pump characteristic 
curves. The system characteristic curve 
is the total of the cooling coil friction 
and the piping friction (shown at the 
bottom) and the static head of 15 ft. 
The left third of the graph is for one 
cooling coil in use, the middle third for 
two cooling coils in use and the right 
third of the graph for three cooling coils 
in use. Note that seven pumps would be 
needed to serve all coils at full capacity 
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load is varying. The operator and 
the designer necessarily recognize 
the importance of piping friction of 
a low order of variation. 


Other Piping Details 


In addition to the connections in- 
dicated in and inferable from Fig. 1, 
the designer may install heating coils 
in fuel oil tanks or in buildings. 
These units should be treated as ad- 
ditional cooling coils. Not shown, 
but often included, is a tempering 
bypass between hot discharge from 
the jacket water pumps to cold dis- 
charge from the coils. This bypass 
may be either hand or automatically 
controlled to regulate the tempera- 
ture of the supply to the jackets. 

Omitted from Fig. 2 is a raw 
water make up line to each basin. 
This may be float controlled, but 
frequently is hand controlled with 
water level gage lines brought into 
the plant. In the latter installation 
the make up valves are usually adja- 
cent to the gage glasses. In some 
installations the sprays in each cell 
or unit may be in parallel with oper- 
ation permitting either or both sets 
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to be operated at one time. The 
only major valving required would 
be shut off gate valves. 

Freezing presents a definite prob- 
lem, since much of the piping is 
either exposed or above the frost 
line. Several solutions to this prob- 
lem have been devised, one of the 
more desirable being the drainage 
of lines and equipment exposed to 
freezing temperatures. Where shut 
off valves are situated so that parts 
of the adjacent lines are subject to 
freezing, but are not in the drained 
section, it is desirable to provide 
weeps to maintain a small amount of 
circulation of warm water. Drain- 
age emphasizes the necessity of vent- 
ing. Vent and drain valves should 
be placed so that operators can 
manipulate them without becoming 
wet from sprays in the raw water 
circuit. 


Cleaning Facilities 


Cleaning facilities are essential. 
The jacket water system recircu- 
lates one charge of water with make 
up limited to a negligible amount. 
The hotwells should be provided 





Fig. 4—This is the same sort of a g: 
as Fig. 3, but the piping sizes have }, 
increased so that the piping friction i. 
per cent of what it is in Fig. 3. N,., 
that now only five pumps—instead |; 
seven pumps — are required for {,!! 
capacity operation of the three co 


with sludge pumps and drain val\ 
Engines are often provided 
jacket drains to the hotwell a 
sometimes coils are drained to | 
hotwells, The latter conserves jac! 
water when the coils are drain 
to prevent freezing. Occasional 
jacket water hotwells are bel 
sewer lines, in which case a smal 
drain header serving all hotwells ; 
connected to one of the pumps wit! 
a special branch discharge to th: 
sewer. 

Raw water basins and sumps r 
quire regular cleaning; the basins 
usually are sloped to a cleaning 
sump independent of the pump su 
tion sumps. Drainage is to sewer 
by gravity or through one of th 
raw water pumps, by means of sp 
cial connections, as relative eleva 
tions indicate as being necessary. 


* * * 


“There you are, Chief. Looks like 
I have gone off the deep end to 
support the engineers.” 

“Well, I wouldn’t put it that way, 
Gard. But you have reached about 
the same conclusions that I had.” 

“You know, Chief, I’m still pinch 
ing myself over the fact that any 
thing as simple as a cooling system 
like this would have to operate 
under so many different conditions, 
and require so many provisions to 
get foolproof operation the yea 
around. Why, I didn’t even include 
the list of various operating condi 
tions and equipment combinations 
that might well be expected. I think 
the engineers have the right slant 
on this piping. Without much addi- 
tional cost for piping we can hit the 
cooling water requirements right on 
the nose.” 





Of the 150,000 tons of refrigeration 
| equipment in use in Texas, 66,000 tons 
| is used for comfort cooling in 17 cities 
| in the state of 25,000 population and 
over. These figures were given by 
L. P. Reiss in a talk on progress of 
refrigeration in Texas ‘présented at 
the food preservation conference at 





the University of Texas. 
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CONVERSATION PIECE 


{Editor's Note—In his article entitled 
Air Change—Once a Major Criterion in 
the March HPAC, C. M. Ashley, direc- 
tor of research, Carrier Corp., came to 


the conclusion that the “air change” cri-. 


terion has outlived its usefulness, that it 
is not a proper or accurate method of 
describing room air circulation, that its 
use may result in drafts, that it works 
in reverse as a criterion of ventilation, 
and that it is a poor choice even for crude 
estimating. At the end of his article ap- 
peared a short “filler” mentioning the 
Black Hole of Calcutta tragedy in 1756, 
when 123 of 146 English prisoners in a 
cell died because of lack of ventilation, 
excessive heat and humidity. 

In a comment on p. 230 of the April 
HPAC, J. M. Frank, president, llg Elec- 
tric Ventilating Co., stated that air 
change was certainly a “major criterion” 
in that situation of 1756, and it was not 
clear to him how any of the physical laws 
in existence at that time have been 
changed. Feeling it to be of interest and 
value to many readers, the ensuing com- 
ments of Messrs. Ashley and Frank are 
presented here.] 


Mr. AsHLey—Concerning Mr. 
Frank’s comment, it was not my 
purpose to intimate that there should 
be a lack of ventilation air or a lack 
of air movement, but that we should 
relate the ventilation requirement to 
the facts, rather than to an arbitrary 
standard which has no relation to 
the facts. 

The case of the Black Hole of Cal- 
cutta is cited as a reason for using 
the “air change” criterion. I would 
like to suggest that it is rather an 
excellent example of where it does 
not work out. Had a designer of 
ventilation equipment for the Black 
Hole used the “air change” cri- 
terion, he would probably have se- 
lected something like a 15 min “air 
change,” which would have resulted 
in about 0.8 cfm per person. While 
this is more than enough ventilation 
to reduce the carbon dioxide content 
to a livable level, it is far below the 
10 to 30 cfm per person recognized 
as good practice from the standpoint 
of odor and smoke control. It is 
further entirely inadequate to re- 
move the heat and moisture gen- 


erated in this space without an ex- 
cessive rise of temperature and mois- 
ture content. 

Of course, if an air conditioning 
engineer had been called upon to 
provide equipment for the Black 
Hole with its occupancy of 146 men, 
he would not have designed it on an 
“air change” basis; he would have 
considered the amount of air neces- 
sary to maintain the desired condi- 
tions with regard to the number of 
people and other sources of load. In 
other words, he would have related 
it to the facts, rather than using an 
arbitrary criterion (air change) con- 
nected with the building construc- 
tion. 

Mr. FraANK—I can see where 
this may lead to a long discussion 
chances are, Mr. Ashley and I bet- 
ter meet at some point midway be- 
tween Chicago and Syracuse and 
talk it out and save a lot of trouble. 

My immediate reaction to Mr. 
Ashley’s comment is that apparently 
we both look at problems in the 
light of our respective experiences, 
which is no doubt as it should be. 
I have been connected 31 years with 
a company that primarily sells venti- 
lation and we have always stressed 
rapid air change, with of course 
some “relation to the facts,” mean- 
ing type of occupancy, or type of 
process involved. Now, had one of 
our sales engineers been given the 
problem of ventilating a space the 
size of the Black Hole of Calcutta, 
with the requirement that it take 
care of 146 men, I feel sure that we 
would have tackled this as a rapid 
air change problem and while it 
might have been somewhat extreme, 
perhaps 10 air changes a minute, it 
would certainly have saved the lives 
of those men. 

Mr. Ashley speaks of a 15 min 
air change. He will find if he refers 
to literature published by our com- 
pany that in no case that we can 
think of do we recommend an air 
change as low as 15 min. Most of 
our published air changes for vari- 
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ous types of places are from 2 to 5 


min and even for residence attics, 
we recommend a 2 min air change 
on the entire upstairs cubical con 
tents, because there, regardless of 
number of occupants, it is desirable 
to get both air change and air move 
ment. In restaurants that have a 
high volume of cooking, we recom 
mend as much as a ™% min air 
change and a great number of our 
most successful jobs are on that 
basis. It would be interesting to 
know how Mr. Ashley in the light 
of modern findings would have 
figured a system for the Black Hole 
of Calcutta on his basis. 

Mr. AsHLEY—I wonder if the dif- 
ference of point of view expressed 
by Mr. Frank is not largely a mat 
ter of terminology. While Mr. 
Frank speaks of “air change”, he 
clearly ties it up to occupancy, in- 
dicating that he is not talking about 
“air change” related to volume of 
room but rather to an entirely dif- 
ferent factor ; that is, cim per person. 

Of course, there is an intermedi- 
ate position that tries to classify 
different types of jobs according to 
the general character of occupancy 
and then sets up an air change for 
each class of job. I am not alto- 
gether clear as to which method Mr. 
Frank is using. If he is relating his 
air handling directly to the number 
of people, then the use of the term 
“air change” is, I believe, confusing, 
unless he wants to term it “air 
change per person”. I believe, how- 
ever, that the term “cfm per person” 
is more accurately descriptive and 
avoids the danger of confusion which 
apparently has arisen in this case. 

If the factor which Mr. Frank 
is using is related not only to the 
class of job but also to the cubic 
contents of the building, then I be- 
lieve that the original comments 
which I made are still apropos. The 
best that can be said for this pro- 
cedure is that it is a halfway ap- 
proach to the factor which should 
govern the amount of outside air 
taken in and the amount of air move- 
ment in the space. 

















RADIANT HEATING WITH CAST 
IRON PANELS 


THe Eprror— 

Since I have been associated with 
these cast iron panels for radiant 
heating from the time they were 
first designed by my friend A. H. 
Barker over 20 years ago, and since 
| have designed many other differ- 
ent types of metal panels used in 
connection with radiant heat in- 
stallations, | was particularly inter- 
ested in the article by F. W. Hutch- 
inson in the April HPAC. Mr. 
Barker, after disposing of the patent 
rights for the embedded pipe method 
of panel heating, designed and pat- 
ented the cast iron panels to provide 
a flexible method of radiant heat 
and a unit which could be applied to 
existing buildings without extensive 
structural alterations. 

I think the first cast iron panels 
installed in America were erected in 
the library of the Pennsylvania Col- 
lege for Women, Pittsburgh, in 
1932. These I ordered direct from 
England as they could not then be 
obtained in this country. They were 
installed to overcome complaints of 
drafts. The librarian found it im- 
possible to keep warm and was con- 
tinually catching colds, although the 
air temperature was always 72 F or 
above. After the panels were in- 
stalled all complaints ceased, and 
during the eight years these have 
been in use, the results have been 
perfectly satisfactory. 

Mr, Hutchinson implied in his 
article that the adoption of the cast 
iron panels or any other type of 
metal panel is not in accordance 
with the radiant heat comfort the- 
ory. This statement is somewhat 
misleading, it seems to me, because 
the whole theory of radiant heating 
is to take care of the heat losses 
from the human body; and while 
low temperature radiation appears 
to provide better comfort and a 
healthier condition than high tem- 
perature radiation, there is not as 
yet any very definite line of demarca- 
tion of surface temperatures. 

The metal panels—whether made 
from cast iron sections, or fabri- 


cated from sheet steel plates to which 
are welded wrought iron pipes to 
form steam or waterways—are 
cheap to provide, easy to install and 
flexible in operation. Moreover, 
they do not present any great ob- 
stacle when changes in the internal 
construction of a building are neces- 
sary. 

I installed a number of metal radi- 
ant heat panels in our work offices 
at Bethlehem, Pa., over five years 
ago, with perfect results. These 
panels are fabricated with steel 
plates which fit into some of the 
lower panels of the wood partitions. 
Coils of 34 in. wrought iron pipe 
are spot welded to the steel plates 
and these are connected to the steam 
heating system in the usual man- 
ner. A radiant heat room thermo 
stat controls the supply of steam 
according to the mean radiant tem 
perature and the air temperature. 


Radiant Heat for Powder Plants 


At the present time I am design- 
ing a radiant heat system for sev 
eral large powder plants for which 
sheet metal panels are contemplated. 
They are to be connected to one 
central steam supply. 

The panels recommended are to 
be placed on the walls and will not 
occupy floor space which will be 
very valuable for the process work 
and, secondly, with radiant heat it 
is possible to provide comfort con- 
ditions with an air temperature 6 to 
8 F below the air temperature neces- 
sary if an ordinary heating system 
is provided. This lower air tem- 
perature, coupled with the fact that 
the lower temperature means a 
higher relative humidity, should re- 
duce the risk of fire. 

The reason I recommended the 
radiant panels for the side wall was 
because, if the panels were placed 
in the floor and boxes of powder 
were placed on the floor, heat might 
generate below the boxes sufficient 
to be dangerous. The surface of a 
heated floor will soon become very 
hot if the radiation is stopped, as 





“Open for Di. Ali ” 
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would be the case with boxes res; 
on the surface. I ruled out the «1 
tion of radiant panels in the ceil 
because these buildings are inva: 
bly constructed with a very li: 
roof, which will be easily lifted 
the case of an explosion. In the 

ticular case in question, the ; 

will be high and not by any nx 

airtight. 

Mr. Hutchinson mentioned in 
article that metal panels are reg 
larly used for floor and wall as w 
as ceiling, but I have never s 


- these used for the floor except 


systems known as “border” heatin, 
The metal panels are then made na 
row and used only in such places 
aisles of churches or adjacent 
walls and other places not usual! 
occupied for standing or sitting 
the surface temperature is above 1 
F, as Mr. Hutchinson mentions 
would be impossible to tolerate su 
high temperatures for the feet 


Radiant Heating Calculations 


Concerning the question of calcu 
lations for radiant heating, it ad 
mittedly was customary in the ear! 
days of radiant heating to calculate 
the surface on the basis of heat 
transmission losses as in the cass 
with convectional heating systems 
Lut for many years heating engineers 
have based their calculations on t! 
mean radiant temperature or MK 
of the room compatible with the he 
losses from the human body. 

I have maintained for years that 
only when we realize that true com 
fort and health can only be mau 
tained by taking care of the actual 
heat losses from the human body 
a way that will meet the correct 








physiological and psychological re 
actions of the person shall we b 
on the right road to design correct 
heating and air conditioning sys 
tems. 

It may be correct to say that » 
making calculations on the basis 
heat losses through walls, etc., a 
close approximation may in some 
cases result; but on the other hand 
it is a very dangerous procedure, be 
cause many disappointments will 
follow and the reputation of radiant 
heat will suffer. Those who hav 
had no actual experience with radi 
ant heat will be well advised to go 
carefully and if not sure should ert 
on the right side, for once a radiant 
heat system is installed, it is a ver) 
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-xpensive job to make additions or 


changes. 
Capacity 


Under the heading of “Capacity” 
Mr. Hutchinson remarked that 
floor installations represent a com- 
promise between radiant and convec- 
tive heating.” This is an argument 
of those using embedded pipes in the 
ceiling, but it is not substantiated 
by facts. The theory of radiant heat 
is to take care of the individual heat 
losses from the human body and the 
question as to whether the radiant 
panels are in the ceiling, floor or 
walls must be decided according to 
the type of building and the use to 
which the rooms are put. 

The statement “Such advantages 
as accrue from radiant heating are 
therefore realized to a lesser extent 
is the panels are moved down from 
overlooks the fact that 
much 


the ceiling” 
the floor surface must be 
cooler than is permissible for either 
It is true that 
the floor will 


heat by convection 


the walls or ceiling. 
a heated surface on 
give off ’ 
than a similar surface on the ceiling, 
but this is more than counteracted 
by the lower floor temperature. This 


more 


is substantiated by the results of my 
test taken at the Liverpool cathedral 
described in HPAC in July, 
1938 ) the air 


(as 
where at high level 
was cooler than at low level 

In reference to the special panel 
in Fig. 6 of Mr 
ticle, it may be of interest for some 


Hutchinson's arti- 


to know that this type was originally 
designed several years ago for the 
large Shell Mex building overlook 
\s ad 


ditional heat was necessary to pro 


ing the Thames in London. 


vide extra ventilation, this type of 
nanel was introduced for the purpose 
of obtaining more convected heat 
for ventilation without raising the 
mean radiant temperature too high. 

T. Naprer ApLam, 


Sares » ( y - Inc. 


chief eng! 


neer, 
Reply by Mr. Hutchinson 


[He Eprror 

Mr. Adlam states that my article 
‘implied that the adoption of the 
cast iron panels or any other type 
| metal panel is not in accordance 
vith the radiant heat comfort the- 
ry.” In the opening paragraph 
of my article it was stated that the 
selection of a particular type of 
panel is not dictated by radiant com- 
lort theory while in the third 


paragraph appeared the statement, 
“If a cast iron system were operated 
at the surface temperature used with 
embedded panels the comfort char 
acteristics, energy requirements and 
equilibrium performance of the two 
systems would be similar” 

Commenting on the above “impli 
Mr. Adlam 


and health effects of high 
radiation and 


discusses the 


cation”, 
comfort 
low 
that 
“line of demarcation of surface tem 


and temperature 


states there is not a definite 


peratures’. At no point in my a 


Milan cathedral 
In Mr. Adlam’s < 
appears the statement 


surtace temperature 


as Mr. Hutchinson 
My article did not 
surface temperature is a 


As to the 


and the data o1 


method 
hea 
article this 


: 
obtained at the h 


11 
it 


ny 


manufacturer of the « 


els: much of this 


available in 


} 


published in England 
+] 


; 
no 


engineer 














ticle was the difference in comfort the manufacturers 
or health effects due to irradiation Mr. Adlam correctly states 
with energy from low or high tem “for many years heating engines 
perature sources used as an argu have based their calculations 
ment either for or against the cast MRT of the roon 
iron system. the basis of the method descrilx 
“Open for Discussion” 
x0] 
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in my article and recommended by 
the two largest European manufac- 
turers of cast iron panels. Trans- 
mission losses influence the inside 
equilibrium surface temperature and 
are therefore a factor in calculation 
of the MRT; the method here used 
involves the use of experimentally 
determined “equivalent panel rat- 
ings” which are non-rational co- 
efficients that take into account the 
reduction of air temperature which 
is permissible with a higher MRT. 
This is brought out by the manufac- 
turer's statement that if room air 
temperatures must be guaranteed the 
designer should use the actual heat 
dissipation rate of the panel rather 
than the “equivalent heating effect”. 
The method described in my article 
is the one used in the great majority 
of English and continental cast iron 
panel installations. 


Effect of Panel Location 


The statement that wall or floor 
panels are less effective than ceiling 
panels for radiant heating is said 
by Mr. Adlam to be not substanti- 
ated by facts and an argument of 
those using embedded pipes in the 
ceiling. The most significant ad- 
vantage claimed for radiant heating 
is that it permits realizing comfort 
in a room with reduced air tempera- 
ture. Application of the heat trans- 
fer and heat balance equations from 
any text will provide unquestionable 








substantiation for the fact that the 
magnitude of the inside air tempera- 
ture reduction decreases as the frac- 
tion of heat transfer by cénvection 
increases. Application of the same 
equations will also demonstrate that 
the advantage claimed for ceiling in- 
stallation does not “overlook the 
fact that the floor surface “must 
be much cooler than is permissible 
for either the walls or ceiling” ; for 
the same MRT a lower temperature 
necessitates a larger area and the 
energy input to the low temperature 
floor system will exceed that tothe 
warmer ceiling system. Practical 
substantiation for the claim of 
greater effectiveness of, ceiling in- 
stallations is available from the pub- 
lished ratings of cast iron panels. 
Reference to one manufacturer’s cat- 
alog will show that the heating ef- 
fect per Btu of actual energy input 
increases as the panel is moved from 
floor to wall to ceiling; obviously, 
therefore, it is the contention of the 
manufacturer that the effeetivenes 

of the system, as measured by fuel 
consumption, will be greatest with a 
ceiling installation —F. W. Hutcu- 
INSON, instructor, department of me- 
chanical engineering, University of 
California. 


SPECIFICATION FOR WELDING 
FITTINGS 


THe Eprror— 

In his article on the new ASTM 
specification for welding fittings, the 
first part of which appeared in the 
April HPAC, J. J. Kanter has very 
ably clarified the reasons for the 
setting up of a new standard for 
welding fittings rather than to incor- 
porate such requirements into exist- 
ing standards such as covered by 
flange specifications. While the 
ASTM specifications are principally 
made to embrace materials in use 
and while welding flanges may be 
considered as welding fittings, yet 
a flange connection is entirely dif- 
ferent from a purely welded assem- 
bly. Furthermore, the flange speci- 
fications embrace threaded flanges 
which are entirely outside the scope 
of welding structures. It is expected 
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to include in these specifications ma- 
terials used for crosses, socket weld 
fittings, welding rings, etc. 

As every manufacturer of welding 
fittings was actively represented in 
the groups who set up these speci- 
fications and the corresponding di- 
mensional specification ASA B16.9, 
the entire industry of welding fit- 
tings was properly covered. And 
since the user groups were equally 
represented, due consideration was 





Readers of Heatinc, Pirinc Anp 
A1r CONDITIONING are invited to 
contribute their views to these 
“Open for Discussion” pages, which 
will appear from time to time. 














given to the engineering requi: 
ments and problems. 

The factor of safety was well 
ered in that a number of hydrostat 
tests with welded assemblies we: 
made. In practically every case t! 
pipe which was welded to the fitting 
burst before the fittings, which indi 
cated a superior fitting streng: 
This condition led to the paragray 
which required the fittings to be ai 
least as strong as the pipe to whi 
it is attached—J. H. RomMann 
Tube-Turns, Inc. 


MUCH PLEASED 
WITH IT 


THE Epiror— 

Several of us read Mr. Ashley's 
article on air change in the March 
HPAC and were much pleased with 
it. The term “air change” has been 
frequently misused to describe ait 
movement within a conditioned 
space or as a criterion of ventilation 
requirements. 

It is adequately and justly ex 
posed by Mr. Ashley. Errors 
and consequent disappointments are 
bound to occur when using this 
crude method as a basis of design 
and selection of equipment. For- 
tunately, the engineer now has at 
his command more precise methods 
and need no longer depend on this 
“rule of thumb” as his guide. 

Air distribution in the conditioned 
space has long suffered due to “air 
change” methods used in the selec 
tion of the distributing equipment 
Mr. Ashley has shown that for this 
use “air change” does not accurately 
describe air motion in the room and 
may very often result in drafts ; its 
elimination from current practice, 
particularly as thus used, would b 
highly desirable. Some of the man 
ufacturers of air distributing equip 
ment have long recognized the prob 
lem in connection with the selection 
of grilles, ceiling outlets, etc., and 
as a result of extended research have 
obtained the necessary data so that 
it is now possible to select with con- 
fidence, equipment suitable to meet 
specified requirements.—DuNCAN J. 
Stewart, Barber-Colman Co. 
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w.S. Bodinus’ 


The Motor 






Driven 


CENTRIFUGAL COMPRESSOR 


CENTRIFUGALS—Thousands of tons of 
centrifugal refrigeration is being in- 
stalled; one active field is the air con- 
ditioning of the large plants for produc- 
tion of defense materials, such as air- 
craft engines. On previous occasions, 
Mr. Bodinus has explained in these 
pages how steam turbine driven cen- 
trifugal refrigeration compressors may 
be used to improve the heat balance of 
a plant, and how turbine driven cen- 
trifugals can be installed to operate in 
conjunction with existing reciprocating 
compressors for this purpose. This 
month he discusses electric motor drives 


ELECTION of the motor 

drive for a centrifugal refrig- 

eration compressor for air 
conditioning use depends upon an 
analysis of the electrical service 
available, the maximum demand 
rate, the energy cost and the time 
of the demand load. 

The peak air conditioning load 
of a restaurant, for instance, is 
usually at noon, while that of a the- 
ater may occur in the evening; a 
night club or a ballroom may have 
i peak load at 11:00 p.m., a depart- 
ment store at 3:00 p.m., a mortuary 
it 9:00 a.m., and a hotel at 5:00 
p.m. Very little authoritative in- 
formation is available as to the di- 
versity of comfort cooling demands 


“Carrier Corp 
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of a large group of customers in a 
given city or network area; how 
ever, a survey of this subject indi 
cates that considerable diversity 
does exist, and emphasizes the need 
for further investigation, in ordet 
that actual diversities for this class 
of business may be determined. 

In some sections, the refrigeration 
load of a comfort cooling installa 
tion is seasonally offpeak, tending 
to fill the summer valley in lighting 
and industrial power demands. In 
other areas, where the summer de 
mand approaches or exceeds the 
winter demand, oftpeak refrigera 
tion storage offers a practical means 
of reducing or entirely eliminating 
the incremental effect of refrigera 
tion compressor demands. Centrif 
ugal compressors may be then 
installed for a capacity of 100 tons 
of work during the day and store 
up an additional 100 tons during the 
night with no greater demand than 
the horsepower requirement of 100 
tons. Or, if necessity requires, the 
ampere input to the compressor can 
be very simply and constantly regu 
lated during any hour for an 
amount less than the 100 tons. 

A sufficient number of offpeak re 
frigeration storage installations, in 
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tne larger Sizes, have now eR] 


made to demonstrate their pra 


bility Data available as to opel 
ing cost reveal that the rigi 
additional cost, if any, of a storag 
system will in most instances be r 


turned within a reasonable perio 


by the resultant saving 


charges. 
Che centrifugal refrigerating « 
pressor, particularly in larg 


individual units, is capable 

ple control and maximum flexibilit 
to meet the variable loads 
parallel the operation of maxi 


demand electrical input Large 


partment stores now have 
summer sale days with maximun 
lighting demands and power <c 


mands equal to or greater than th 


winter demand Che motor driver 
centrifugal compressor unit, with its 
wide range of flexibility and co 

stant temperature characteristic, can 
be modulated to handle a larg: 


and yet keep the demand of el 
trical current where desired 
compressor is easily unloace 
can be kept just below the px 
current consumption with a re 
of only a nominal reductior 

nage. 
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PREDICTING DUST CONCENTRATION 





How to Figure the Dust Concentration 
When Filtering Process Is Intermittent 


By Frank B. Rowley* and Richard C. Jordan 


REDICTION of dust concentrations in enclosed 

spaces employing continuous filtering of the air 

was discussed in the February HPAC, and a gen 
eral dust concentration equation applicable to such con 
itions was derived. It is the purpose now to present 
similar equations for use where intermittent filtering of 
the air is employed, 

By direct application of the general dust equation 
(equation 4, p. 100, February HPAC) the dust concen 
tration at the end of a period of operation of the blower 
hlter system is 








ry , M+NE +A 
i i ail Bea! - 
Pu ON Onn LO,4+D+4+FC, (/-E) »* oo "er LQAOtK QV (I-E. 7 
“ wy i i 
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and the concentration at the end of a period of inactivity 


oT “of” 


operation of the system is 


‘ M's Av) ; 
cfm fo LGt2 Jy"), Leyr0 
r ‘ 'tav | © +s "+A (2) 


The final dust concentration after a period of filtering 
or blower operation is the initial dust concentration for 
the following period of no blower Op 
eration, and similarly the final concen- 
tration after the period of no blower 
operation is the initial concentration 
for the next period of blower opera- 
tion, etc. Thus, by successive applica- 
tions of equations [1] and [2] it is 
possible to derive a general expression 
indicative of the concentration at the 
end of the mth 
(Space does not permit the derivation 


cycle of operation, 
of several of the equations presented 
here, but those desiring more complete 
information can obtain it by communi- 
cating with the authors. ) 

The resulting expression is, how- 
ever, too complicated for practical ap- 
plication, and a more useful equation is 


*Director, Engineering Experiment Station, In 
stitute of Technology, University of Minnesota 
Member of HPAC’s board of consulting and con 
tributing editors 

tinstructor, Engineering Experiment Station, 
Institute of Technology, University of Minnesota. 
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one which gives the mean concentration over a « 

plete cycle of “on” and “off” operation after equilibriu 
conditions have been established. Such an express 
may be obtained by determining the equilibrium valu 
for C,’ and ¢ 
operation to approach infinity, using these values as 


upper and lower limits between which the interior ¢ 


‘ 
1 
| 
i 


by allowing the number of cy 


es 


centration fluctuates after equilibrium is attained, 


fic 


then integrating over one complete cycle of opera 
The expression for the resulting average concentrat 
is still too complicated for practical application. T 


value of C,, however, varies with the magnitudes o 


and ¢t. even though the ratio of ¢, to ¢t. remains constai 


and it is possible to determine two simplified expressi 


Fig. 1—Effect of length of filtering periods on average dust 
concentration. Volume of structure, 16,680 cu ft. Blower capa 
ity, insulated construction, approximately 865 cfm. Blower 
capacity, uninsulated construction, 1765 cfm. Insulated con- 


struction consists of 4 in. face brick, building paper, | in. fir 
sheathing, 2 in. by 4 in. studs 16 in. on centers, 4 in. rock woo! 
bats, vapor barrier, and wood lath and plaster. Uninsulated con- 
struction the same as insulated except rock wool is omitted 
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for limiting cases of the expression. One of these occurs 
when the ratio ¢,/t, remains constant, but the actual 
magnitudes of ¢, and ¢, approach infinity. The other 
occurs when the ratio again remains constant but the 
magnitudes of t, and ¢, approach zero. The former case 


results in the expression 


aa +(4 Got+D+FCo eel) , 
. a M+NE+AvV 4 








and the latter case in the expression 
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The physical significance of these equations is as fol- 
lows. Equation [3] approximates the average concen 
tration in an enclosed space after equilibrium conditions 


[4] 





have been reached and when the periods of operation 
and inoperation of the blower, ¢, and ¢,, are very long. 
This equation should be used only when these periods 
are a number of hours in length. Equation [4] approx 
imates the average concentration after equilibrium when 
the periods of operation, ¢, and ¢,, are short. This equa- 
tion results in a reasonably accurate approximation when 
the periods are one or two hours in length or shorter. 

That equation |4] is a close approximation to the aver 
age equilibrium dust concentration for most practical 
intermittent operating conditions is indicated by Fig. 1, 
which shows the relationship between the length of the 
“on” periods of blower operation and the average equilih- 
rium dust concentrations as determined by equation [4] 
for five practical installations. These curves are based 
upon the same structure but with variations in insulation, 
weatherstripping, filtering efficiency and ratio of lengths 
of “on” to “off” periods of operation. 

Although all of the curves shown in Fig. 1 rise rapidly 
at the start and then level off as the periods of filtering 





SUMMARY—The authors have made studies on atmos- 
pheric dust and methods of measuring it for several 
years, but until now nothing of a semi-popular nature 
about the various factors involved, or the developments 
which have been taking place in this field, has been 
published. It is the authors’ feeling that the question of 
atmospheric dust has been more or less neglected inso- 
far as methods of measurement or standards are con- 
cerned—yet it is most important in many air condition- 
ing problems, particularly now that industrial activity 
is increasing and will continue to do so under the 
requirements of our national defense program... . . The 
factors affecting dust concentration levels in enclosed 
spaces were explained in the December HPAC; it was 
pointed out that the rates at which dust laden air is 
introduced into the space, with which dust is produced 
in the space and with which dust settles from the air. 
and the rate at which air is filtered, are usually of greater 
importance in the determination of actual dust concen- 
trations than the efficiencies of the filters themselves. 
In February, the application of the data to continuous 
filtering processes was given, and this month intermit- 
tent operation is covered. .... The theory upon which 
this discussion is based was proposed by Dr. Jordan 

















Symbols Defined 


t, = length of “on” period of operation, minutes ; 
te = length of “off” period of operation, minutes ; 
L = infiltration air when blower operating, cfm; 
L’ = infiltration air when blower not operating, cfm; 
M = exfiltration air when blower operating, cfm: 
M’ = exfiltration air when blower not operating, cfm; 
N = recirculated air, cfm; 
F = outside air, cfm; 
C,. = average dust concentration, particles per cu ft; 
C+ = inside air dust concentration, particles per cu ft; 
Cr’ = dust concentration at end of “on” period of opera- 
tion, particles per cu ft; 
Cr” = dust concentration at end of “off” period of opera 
tion, particles per cu ft; 
C, = initial inside concentration at beginning of operation 
period, particles per cu ft; 
Co = outside air dust concentration, particles per cu ft; 
E = filtering efficiency, per cent; 
D = dust produced from inside sources, particles per min ; 
VY’ = net volume of room, cu ft; 
v = effective settling velocity of dust, fpm; 
A = floor area of enclosed space, sq ft; 


8, G, P = constants ; 
é¢ = natural logarithm base (2.718). 
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lengthen, it should be noted that the lengths of the 
periods are given in hours while under most practic: 
operating conditions the lengths are in minutes. Thy 
curve showing the most rapid increase in concentrations 
with lengthening of the time period is that for the unin 
sulated construction with a ratio of ¢,/t, of 0.2. This 
would naturally show a more rapid rise as the “off” 
periods are five times as long and the elapsed time pet 
cvcle three times as long as in the case of any of the 
other curves. 

By an analysis of these curves and the original equa 
tions it can be seen that, if the periods of “on” and 
“off” blower operation are less than an hour in length, 
there are only slight differences between the results ob 
tained by either the complete expression for the resulting 
average dust concentration (not given here) or equa 
tion [4]. As an illustration, for the insulated construc 
tion, weatherstripped, filtering efficiency 50 per cent and 
t,/t, equal to 1.0, the average concentration increases 
from 26.2 to 27.1 per cent when the periods of operation 
are increased from infinitesimally short to one hour im 
length. In the case of the uninsulated construction, 
weatherstripped, filtering efficiency 50 per cent, and /, /f 
equal to 0.2, the average concentration increases fron 
34.5 to 35.5 per cent when the periods of “off” operation 
are increased from a value approaching zero to one 50 
min in length. Similar analyses hold for the other cases 
Therefore, it is safe to conclude that for most filtering 
installations where the periods of operation are shortet 
than one hour in duration, the average dust concentra 
tion under equilibrium conditions may be approximated 
by means of equation [4]. 

It is interesting to investigate the effect of variations 
in filtering efficiency upon the interior dust concentra 
tions by analysis of equation [4] for intermittent opera 
tion and the following equation for continuous filtering 
operation, which was given on p. 100 of the February 
HPAC 

LC. + D+ FC. A—E) 
Cr 
V+ NE + Ai 
In either case if we consider C, and E as the only vari 
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Fig. 2—Effect of filtering efficiency on the ratio 
of interior to exterior dust concentration C;/C, 


bles, let F and D equal zero to simplify analysis, and 
combine the constants, the resulting relationship is 


G 


B+ PE 
where G, B and P are constants. If the value of B is 
small in comparison with PE and can be disregarded, the 
equation takes the form 

- we G 

Crt/Ceo 

PE 

Chis will be recognized as the equation of a rectangular 
hyperbola and represents the conditions sometimes ap- 





proached in practice when the rat 
filtering is high. For most instal 
tions B is in the order of magnity 
of G, whereas PE may be consid 
ably larger. 

Fig. 2 shows the graphical r. 
tionship between efficiency FE and | 
ratio C,;/C, for values of B rang; 
from 0 to 400. In determining th 
curves a value of 100 has been 
sumed for A and a value of 1110 | 
r. It should be observed that 
creases in filtering efficiency ab 
low initial efficiencies result in m 
more marked decreases in the inte: 
dust concentration than do like 
creases in efficiency above high init 
values. For example, when B lt 
increasing the efficiency from 0 t 
per cent decreased the ratio 
C/U, Se 
increasing the efficiency from 70 


> percentage units, wher 


100 per cent, a three times greater rise in efficiency 
creased the ratio of C;/C, only about three percent 
units. It would therefore appear that in many ca 
too much emphasis had been placed upon the efficie: 
characteristics of filters when the differences are it 
higher values, and that insufficient weight has be 
given to the other important properties, such as 
and dust holding capacity, 

[This is the third of the Rowley-Jordan articles on predict 
dust concentration. The first, which appeared in December, 
was devoted to factors affecting dust concentration levels in 
closed spaces. The second, in February, 1941, explained h 
figure concentration when the filtering process is continu 
fourth article will give typical examples of ncentra 


analyses. ] 





INSTRUMENTS AND CONTROLS INCREASE OUTPUT 


No two coals, and certainly no 
two different fuels, are sufficiently 
alike to allow definite promises of 
savings. The following improvement 
would result in many coal fired 
boilers; similar savings would ap- 
ply to burning other fuels: If a 
boiler were being operated to burn 
coal in such a way that an 8 per cent 
CO. existed in the boiler exit gas, 
that would mean a preventable loss 
(not a total loss) of $115 for each 
$1000 of coal burned. Burning this 
same fuel with a 14 per cent CO, 
flue gas would reduce this prevent 
able loss to about $15. This is a 
saving of $100 for each $1000 worth 
of coal burned. This 10 per cent 
is a lot of dollars in the coal bill for 
any boiler plant, large or small. 
Various boilers have been found 
operating at even less efficient con- 
ditions than represented by 8 per 
cent CO,. Smaller increases in effi 
ciency of burning result in corre- 
spondingly smaller savings. <A 
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combustion meter could thus pay 
for itself in quick time 

While steam flow meters may not 
point out as large possible savings 
as will a combustion meter, the 
steam flow meter is indispensable 
as it provides a continuous indica- 
tion to the operator, plus a perma- 
nent record, of exactly the amounts 
of steam generated at all times, and 
it furnishes an accurate total of the 
steam generated over any definite 
period. Some of the most impor 
tant steam flows to be metered are 
to steam turbines, bleed steam from 
turbine to each intermediate pres- 
sure header, exhaust steam for 
heating water and plant heating plus 
steam for process. Feedwater is 
always measured and is frequently 
subdivided into return condensate 
and make up water. 

Distribution meters usually in- 
crease the capacity of existing boil 
ers in a different way. They put 
the finger on unnecessary uses and 


excessive waste of steam after 
leaves the boiler room and caus 
these wastes to be eliminated. 7 
additional boiler capacity is th 
available for actual steam nec 
rather than for supplying wast 
steam. The ancient—and still used 
—practice of charging fixed percent 
ages of the total steam cost to cer 
tain departments offers no help 
spotting the dollar leaks. It give 
the head of each department 
incentive for eliminating these lea! 


It is human nature to blame 
| 


excessive use of steam, water, he 

and light on the other department 
when it is admittedly an arbitra 

spreading of costs. When accurat: 
meters are installed on each of thes 
lines, there is no way of dodgins 
the fact that a particular departmen' 
used a definite number of dolla 
worth.—Crartes W. Parsons, R 

public Flow Meters Co., at the Mid 


west Power Conference. 
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4000 Ton Decentralized 
Air Conditioning System 
for Big Black-Out Plant 


69 Separate Systems for 
Douglas Aircraft Project 
By .... H. M. Hendrickson’ 


T LAKEWOOD BLVD. 

and Carson St., in North 

Long Beach, Calif., the enor- 
mous new black-out assembly plant 
of the Douglas Aircraft Co. is rap- 
idly taking form. Here we find the 
unique situation of two competitors 
collaborating in the interest of na- 
tional defense to install industrial 
air conditioning for the factory 
buildings and comfort air condition- 
ing for the administrative offices in 
record breaking time. 


High Internal Load 


With the mild climate near the 
California coast (the ASHVE 
Guide gives summer design condi- 
tions of 90 F dry bulb and 70 F wet 
bulb for the adjacent city of Los 
Angeles), one might think that air 
conditioning would be unnecessary. 
However, the extremely high inter- 
nal load from the men at work, 
machinery, motors, lighting, proc- 
esses, etc., coupled with the lack 
of windows and the high sun load 
on the dull black surfaces of the 
factory buildings, make necessary 
4000 tons of refrigerating capacity to 
cool the buildings to 80 F dry bulb 
and 48 per cent relative humidity 
for manufacturing and to 78 F dry 
bulb and 50 per cent relative humid- 
ity in the offices. 


Separate Systems 


On the Douglas Aircraft project 
we find no central heating and cool- 
ing plant which one well-directed 
bomb might put out of commission, 
thus crippling the entire plant. Here 
the unitary idea is carried out to a 


_ “Assistant branch engineer, York Ice Ma. 
hinery Corp. 


remarkable degree without penalty 
in first cost over the central station 
type of plant. There are 69 com- 
pletely separate refrigerating sys- 
tems for air conditioning, each aver 
aging about 60 tons and each having 
its own condensing unit, econom 
izer, direct expansion “Freon” 
cooling coils, steam heating coils, 
fan, filters and duct system. 


Equipment Location 


Each factory building has two or 
more independent boiler plants for 
heating and from eight to 15 inde 
pendent refrigerating and fan sys 
tems for cooling. The refrigerating 
and fan units are situated in the 
trusses directly under the roof, as 
the entire space from the bottom 
chord of the truss to the floor must 
be kept clear for the operation of 
cranes. All the ductwork from each 
fan unit is located above the bottom 
chord of the truss with air supply 
outlets in each bay. For even tem- 
perature conditions when either 
heating or cooling, return ducts are 
used with drops at columns and 
along outside walls to within 6 ft of 
the floor. Steam booster heaters 
are employed in the ducts supplying 
all outside exposures. Each fan 
station handles approximately 36,000 
cfm. 


Six Main Buildings 


The six main manufacturing 
buildings are constructed of cor- 
rugated iron with 1 in. of structural 
insulation on the inside. The roof, 
of wood and composition roofing, is 
similarly insulated. The two largest 
assembly buildings each contain 
270,000 sq ft of floor space with 15 
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fan and cooling stations; the tw 
manufacturing buildings each con 
tain 195,000 sq ft of floor space wit! 
12 fan and cooling stations ; and the 
two smaller stock and manufacturing 
buildings each contain 144,000 sq ft 
of floor space with eight fan stations 
Only one of the latter has refrigera 
tion, the stock building being venti 
lated only. ‘ 


New Idea 


Thus, we have here another new 
idea in industrial air conditioning 
the entirely decentralized plant. It 
advantage in war times cannot lb 
over-estimated as one or more build 
ings or parts of buildings could be 
blown up, but the rest of the plant 
could still be operated with the 
unitary equipment, and the duplicate 
and standby services of gas, elec 
tricity, water, etc. 





These compact air conditioning com- 
pressors will provide cool air for work- 
ers in two defense black-out plants. Built 
at Springfield, Mass. they are being 
checked for shipment to the West and 
South. Summer heat in windowless fac- 
tories may push the temperature up to 
110 deg, but air conditioning will main- 
tain comfortable and efficient tempera- 
tures, says P. Y. Danley, manager of the 
Westinghouse air conditioning department 
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AIR DISCHARGE 


from Narrow Slots 





NARROW SLOTS — Little informati, 
is available on slotted air dischar, 
systems, though this method of air d 
tribution has considerable use in ind: 
trial air conditioning work. These jo 
are usually designed by rule of thun 
with plenty of provisions for balanci: 
and changing the air distribution af 
the system is put in operation. 

The author was called upon to design 
slotted air discharge system and decid: 
to secure first-hand information in 1! 
field. He has summarized the results «| 
his “survey” here, and he will contin 


the discussion further in a second arti: 


The slot discharge type 
of air distribution used 
in an orange precooling 
room. The supply duct 
is in the center with the 
return ducts at each side 


Results of Field Observations and Experience 


Summarized by F. F. Stevenson 


ECENTLY I was asked to 

design a_ slotted air dis- 

charge system for industrial 
air conditioning and found it neces- 
sary to get some first-hand infor- 
mation about this method of air dis- 
tribution. I therefore inspected 
several installations, 

These jobs all seem to require 
considerable attention after being 
completed in order that they may 
function propefly. Such additions 
as “blank offs,” baffles and other 
impedimenta were not the excep- 
tion, but the rule, before the air 
flow was balanced and drafts and 
dead spots eliminated. Several ven- 
tilating engineers were consulted, 
but there seemed to be a consider- 
able difference of opinion as to the 
proper design of such a system. The 
information given here is not the 
result of laboratory tests, for so far 
as I was able to find out, there are 
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no such data available. It is based 
on field observations and experience. 


Slot Construction 


Since the advent of the aspira- 
tion type of ceiling diffusers and 
streamlined discharge grilles, the 
narrow slot air discharge has little 
place in comfort air conditioning, 
but in industrial applications it has 
and will probably continue to have 
a wide application. It has the virtue 
of low cost and will project a con- 
tinuous thin stream of air into the 
space to be conditioned. If prop- 
erly constructed, there should be no 
dead spots or excessive drafts. Also, 
and this deserves the attention of 
the designing engineer, it will dis- 
tribute substantial volumes of air 
with high discharge velocity at the 
slot, with a very short throw. The 
advantage of this in many situations 
is obvious. 


A simple and low cost metho 
constructing a slot air discharge 
to use a supply duct of constar 
cross sectional area to feed the s! 
The slot may be placed along on! 
one side of a room or space, term! 
nating in a dead end, or along se 
eral sides, or entirely around 
space with no dead end. In indus 
trial systems, the duct usually is 
posed, with the slot cut directly int 
it, but in some cases, the duct 
built back of the wall or partity 
with a throat leading from the duct 
to the slot. The throat varies 
depth from 2 to 3 in. up to 1 ft. T! 
slot is placed fairly high up in th 
wall and usually the air discharg 
horizontal. With exposed ducts, t! 
slot may be placed in the center 
the side of the duct, with a horizo. 
tal throw, or in the lower end of t! 
side, also with a horizontal throv 
There are also instances where t! 
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‘tt is cut into the bottom of the 
inct with a vertical downward air 
scharge. In industrial work, we 
‘requently see the exposed duct, 
with a slot cut in each side, dis- 
charging the air horizontally in two 
directions. A return duct with an 
exhaust slot may be built in con- 
junction with the supply slot. 
[ encountered one _ installation 


s 


where the air was fed from the main 
supply duct (back of the wall) 
through a number of take offs, each 
one feeding a separate slot section. 
The slot was continuous; that is, 
where one section stopped another 
began, but each section was separate 
from the other and had its own air 
supply. This system probably was 
more expensive to build than one 
with a supply duct of constant cross 
sectional area and one long continu- 
ous slot, but its air supply can per- 
haps be controlled and_ balanced 
more readily. 

In some instances turning vanes 
are used to direct the flow of air 
outward through the slot utilizing 
the velocity pressure of the air. 
Turning vanes consist of curved 
metal strips so placed in the duct as 
to change the direction of the air. 
\nother form is the turning core, 
placed at the slot, serving the same 
purpose. These devices help 
straighten out the air stream and 
some of the duct velocity pressure 
is used for discharge purposes. As 
velocity diminishes, however, the 
utilization of velocity pressure 1s so 
small that it is negligible for prac- 
tical calculations. 

The height of the slot may vary 
from 34 in. up to around 3 in., with 
the throw of air a function of the 
square root of slot area, the dis- 
charge velocity and the aspect ratio 
of the air stream, width to depth. 

It has been stated that the aspect 
ratio of air supply grilles of average 
proportions has little effect on their 
throw, but the aspect ratio undoubt- 
edly has a major effect on the throw 
of air from narrow slots. 


Coefficient of Discharge 


There is considerable variation in 
the coefficient of discharge from the 
slots. It has been found that the 
coefficient is higher when the slot 
has a throat back of it. The effect 
of the throat is to reduce turbulence 
and straighten out the air stream, 


both of which make for a more ef 
fective discharge. The height and 
contour of the slot also affect the 
coefficient. With various types and 


sizes of orifices, with and without 
throats, the coefficient of discharge 
has been found to range from 0.55 
to 0.85. With a well constructed 
slot and a throat of around 5 to 8 
in, deep, a coefficient of from 0.75 
to O.82 will probably be average. 
Without a throat, the coefficient may 
he assumed to run from 0.58 to 0.70 

When constructing the throat, 
care should be exercised lest it sag 
at one end, because if the approach 
air stream passing through the 
throat is not on a directly horizontal 
plane, the throw of air will be in 
clined upward or downward. | 
know of one installation with the 
slot fairly close to the ceiling line, 
where an upward spring of the 
throat impinges the air on the ceil 
ing with a serious smudging effect 
as the result. 


Air Throw 


The air throw from a narrow slot, 
considering the discharge velocity, 
is very short. This is undoubtedly 
due to the shape of the air stream, 
which has considerable width and 
very little thickness. This has the 
effect of presenting a large area, as 
compared with the air mass, against 
which the air in the space interposes 
resistance, reducing the velocity and 
travel of the discharge air. This 
factor makes the slot discharge sat 
isfactory for applications where con 
siderable ammount of air is required, 
but where a short throw is essential. 


Pressures and Velocities 


The pressures and velocities in 
the supply duct are most important 
and must be carefully considered 
before the plans are approved. They 
are the factors which cause large 
variations in the air distribution and 
if they are not calculated correctly, 
the job of balancing the system may 
be greater than the actual construc 
tion, 

The supply duct, of constant cross 
sectional area, is, in effect, a sort of 
plenum, supplying air under pres- 
sure to the slot. As the discharge of 
air through the slot (assuming either 
a horizontal or vertical discharge ) 
is at a 90 deg angle to its flow 
through the duct, the velocity pres- 


Heatinc, Prrinc anp Am Conprrioninc, May, 1941 


sure through the duct at any point 
cannot be too high as compared 
the static pressure. If we have a 
combination of high velocity and 
low static pressures, the tendency 
of the air stream, due to imertia, is 
to keep on going through the duct 
instead of flowing out through th 
slot. 

Naturally, the pressure loss 
discharge also has an influence in 
this regard and many systems are 
designed so that the height of th 
slot may be varied and the system 
balanced after it is in operation. I) 
some cases the area of the slot will 
be less at the beginning of the run 


he far end, and in 


and greater at t 
others the reverse is true With a 
duct of constant cross sectional area 
and with a constant supply of air 
entering at one end, the air volum« 
is constantly being diminished b 
cause of its discharging through thx 
slot and it also has a constantly 
diminishing velocity. Toward the 
latter portion of the run, the air 
velocity is very low, as is its vol 
ume. When no turning vanes art 
used we depend on static pressure 
not only to turn the air stream at 
right angles, but also to supply the 
energy necessary for its discharg 

The flow of air through a run of 
straight duct, serving the slot, en 
counters three sources of pressur 
loss: (1) Frictional resistance of the 
duct walls. (2) Loss caused by the 
turn in direction and turbulent flow 
toward the slot (3) Shock loss 
caused by changes in velocity of th 
air flowing through the duct 

With the velocities maintained in 
the ducts m normal practice, none 
of these losses are high. The fri 
tion loss may be determined as a 
matter of academic interest, 
although with good construction it 
should not exceed 0.03 in. of water 
and in most cases is considerably 
less. The second loss is difficult to 
measure and in the latter portion of 
the duct it is very small. This loss 
is really a part of the discharge loss 
and is so considered here The 
shock loss may be dismissed as 
negligible. 

In calculating the friction loss, it 
is well to remember that with con 
stantly decreasing volume and v 
locity of air through the duct, we 
have a constantly decreasing loss 
per foot of run. 
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Friction Loss Formula 


I was given the following em- 
pirical formula for determining the 
friction loss through a run of 


straight duct: 

P =P, X length of duct in ft * 0.25 
where P = friction pressure loss of duct, 

in. of water ; 

1 == friction pressure loss per ft 
at entrance of duct, based on 
cross sectional area and ve- 
locity at this point, in. of 
water ; 

0.25 = an empirical constant. 

As the friction loss varies with 
the square of the air velocity, it is 
obvious that this empirical formula 
for the calculation of friction loss of 


air with a constantly diminishing 
velocity will not give accurate re- 
sults for the losses at intermediate 
points along the run of duct. How- 
ever, for this work it is necessary 
only to calculate the loss for the en- 
tire run. 

This formula was checked by cal- 
culating the loss of several such 
ducts foot by foot and adding the re- 
sults. For runs of considerable 
length, say 75 to 125 ft, it gives 
good results. For smaller runs, say 
from 25 to 50 ft, the constant should 
be changed from 0.25 to 0.35. This 
is of course for straight ducts. 


ASTM COMMITTEES TELL OF 


At its meeting during ASTM 
committee week held in Washington 
recently, ASTM’s committee C- 
16 on thermal insulating materials 
gave consideration to the expansion 
in its scope of activity to cover ther- 
mal insulating materials in the 
building construction field. As a 
result of this addition to its field of 
endeavor, the committee plans to 
enlarge its membership to include 
those having an interest in this ma- 
terial. Means of initiating work on 
this subject were discussed. 

A subcommittee, under the chair- 
manship of R. H. Heilman, Mellon 
Institute of Industrial Research, has 
been studying a number of methods 
in current use for determining the 
physical properties of preformed in- 
sulation. As a result of this work, 
proposed standard methods have 
been completed for determining the 
crushing strength and flexural 
strength of preformed block ther- 
mal insulation. Proposed definitions 
for preformed block insulation and 
for thermal insulating cement will 
be submitted to the ASTM for pub- 
lication as tentative. 

The subcommittee which deals 
with studies of the physical proper- 
ties of plastic insulation, under the 
chairmanship of H. H. Rinehart, 
Johns-Manville Corp., reported the 
completion of several new methods. 
These cover a detailed procedure for 
mixing thermal insulating cements 
and complete methods of test for 
covering capacity and volumetric 
change upon drying for thermal in- 
sulating cements, and a test for bulk 
density of thermal insulating ce- 
ment, 
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The subcommittee dealing with 
blanket, flexible, loose fill and mis- 
cellaneous insulation, under the 
chairmanship of R. E. Cryor, Union 
Asbestos and Rubber Co., presented 
to the committee a new method of 
test for determining the thickness 
and density of blanket type thermal 
insulating materials. 

The joint committee on thermal 
conductivity of all forms of insula- 
tion sponsored by four organizations 
(the American Society of Heating 
and Ventilating Engineers, the 
American Society of Refrigerating 
Engineers, the National Research 
Council, and the American Society 
for Testing Materials) has devel- 
oped a method of test for the deter- 
mination of thermal conductivity by 
use of the guarded hot plate method. 
Further study is to be given this 
method by the joint committee be- 
fore submitting it to the sponsoring 
organizations. 

Officers of committee C-16 on 
thermal insulating materials are 
chairman, J. H. Walker, engineer 
assistant to general manager, The 
Detroit Edison Co. and secretary, 
E. T. Cope, The Detroit Edison Co. 

An extensive meeting of the sub- 
committee on steel tubing and pipe, 
T. G. Stitt, chief inspecting engin- 
eer, Pittsburgh Steel Co., chairman, 
resulted in a number of recommend- 
ations. One is to delete all refer- 
ences to temperature ranges in the 
standard specifications for electric 
resistance welded steel pipe (A 135- 
34) which now limits the material to 
top service of 450 F. Another rec- 
ommendation is to set up require- 
ments for copper molybdenum iron 





If there are elbows, the dynan 
losses therefrom can easily be add 
to the friction loss. In ascertaini 
the dynamic loss of an elbow, a go. 
approximation of the air velocity 
the elbow is necessary. 

Some designers have set up a ri 
of thumb that the duct entrance \ 
locity should be not more than tw 
thirds of the slot discharge veloci: 
This usually means a large duct and 
I found that the rule was not alwa 
followed in actual practice. 


[A second article by Mr. Steven 
will discuss static pressures and oi! 
details of the design of narrow slot 
discharge systems.] 


PROGRESS 


boiler tubes. This material eventu 
ally is to be considered for incorp: 

ration in the existing basic standard 
A 83-40 which covers lap welded 
and seamless steel and lap welded 
iron boiler tubes. 

At a meeting of committee D-5 
on coal and coke, action was taken 
to recommend the adoption as stan 
dard of the present tentative method 
of test for index of dustiness of coal 
and coke (D 547-39 T). This 
method, first published in tentative 
form by the ASTM in 1939, meas 
ures the relative dustiness of coal 
and coke when handled. It has 
proved of especial value in the eval 
uation of various processes for treat 
ing coal and coke in the production 
of so-called “dustless fuel.” 





REDUCES ERRORS 


Fewer banking errors, a definite 
pick-up in personnel efficiency and 
a more pleasant relationship with 
customers and depositors have re 
sulted from the year ‘round air 
conditioning of the Security Na 
tional Bank at Greensboro, N. C 
All three floors of the building are 
air conditioned. The trust depart 
ment in the basement receives the 
same cool, dry air supplied to the 
main banking rooms on the first 
floor and the directors’ room and 
general and private offices on the 
second floor, regardless of the out- 
side weather. Extreme dampness 
in wet weather, and excessive heat 
in hot summer weather, had been 
major problems formerly.—Epw arp 
T. Murpny, vice-president, Carrier 
Corp. 
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Air Conditioning for Protection 


G. K. Saurwein, Superintendent of Engineering, 
Harvard University, Describes New Rare Book 
Library ..... Controlled Atmosphere Will Pro- 
tect Valuable Collection from Deterioration 


URING the 300-odd years 

of its existence, Harvard 

university has acquired by 
purchase and by gift a unique col- 
lection of rare books and manu- 
scripts. The material dates from the 
beginning of printing down to re 
cent times, includes 2000 books 
from the 15th century, manuscripts 
from much earlier times. The rarer 
pieces of the collection have been 
grouped for separate housing and 
include about 100,000 volumes of 
printed books and unnumbered 
thousands of manuscripts The col- 
lection is increasing year by year as 
bequests are made to the university 
and the library rounds out by pur- 
chase the various parts of the col 
lection. 

In its entirety, this is one of the 
most important collections of printed 
material in the country. A number 

special groups in the collection 
are, in their particular fields, the 
most complete in the world. It ts 





PROTECTION— Air conditioning is used 
for many purposes—processing, comfort, 
efficiency, health (to name but a few). 
At Harvard university's new rare book 
library, Cambridge, Mass., it will protect 
a collection of books and manuscripts 
worth millions of dollars from deteriora- 
tion due to varying temperatures and 
humidities, dust and sulphur dioxide in 
the air. . . . The air conditioner the 
cabinet for which is built using a new 
method—comprises an electrostatic air 
filter, preheating coil, spray chamber 
with a battery of misting nozzles, heating 
coils, direct expansion cooling coils, and 
a bank of sulphur dioxide and odor 
adsorbing canisters. The automatic con- 
trols are of the pneumatic type. ‘ 
The lighting in the building will be 
somewhat unusual, fluorescent lamps 
being used extensively. All stacks and 
work spaces will be fitted with fluores- 
cent fixtures, with louvers designed to 
permit a small amount of light to pass 
upward to relieve the contrast between 
the lighted areas of the room and the 
ceiling. . . . An architect’s drawing of 
the new Harvard library is shown above 
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the size and completeness 

rare book collections as we 

its general collection that places 
Harvard library in the front ranl 


university libraries 
Best Possible Care 


Such material, the valu 
runs into many millions 
and much of which ts irreplaceabl 
must have the best possible h 
and care. The paper, leathe r, par 


ment and binding materials of 


rare books would not endure long 
if subjected to the deteriorating 
fluences of sunlight, sulphur di 

in air, too great variations in tet 
perature and humidity, dust ab 


sion in cleaning, etc 
To extend the useful life of t 
rare material as far as possible, 


building is being erected whic! 


be fully air conditioned and i 
the books and manuscripts will b 
protected against deteriorating 


fluences. This unit—to house al 























250,000 volumes—is about 60 ft by 
120 ft in area, with three floors 
above and three floors below grade. 
The building is connected to the 
main building (the Widener li- 
brary) by a bridge at the second 
floor and by a tunnel at the sub- 
basement level. The air condition- 
ing apparatus will be installed in the 
basement of the main building. Sup- 
ply and return air ducts, heating 
water piping, service water piping, 
compressed air lines, electrical 
mains, etc., will be carried into the 
new building through the tunnel. 
Thus, any equipment hazards will 
be removed from the new building. 

The concrete walls below grade 
and the brick walls above grade will 
be waterproofed with bitumastic ma- 
terial and insulated with 1 in. cork; 
the roof will be insulated with glass 
wool. Windows will be fixed and 
double glazed, with a 3 in. air space 
between the glazing. 


Heating and Ventilation 


The heating system will be of 
the split type, with enclosed hot 
water cast iron convectors to over- 
come the heat loss at the windows, 


and warm air for general heating 
and for ventilation. According to 
the design, the supply duct after 
leaving the conditioner is divided 
into two ducts, one serving the 
floors above grade and the other 
those below grade. The latter is 
fitted with a booster heater, for in 
certain seasons it will be necessary 
to supply some additional heat to 
the lower floors. The regular boos- 
ter heater is supplemented by a 
finned type, all copper electric 
heater with external terminals to 
function during summer months 
when the steam system is shut down, 
and for dehumidification. 

The warm air for some rooms is 
admitted through adjustable grilles 
near the ceiling, and for others 
through circular ceiling registers. 
The return air is taken through reg- 
isters near the floor in the usual 
manner. Air from toilets, closets 
and the like will be exhausted to at- 
mosphere. Fireplaces are fitted with 
induced draft fans. Branch ducts 
are fitted with volume control dam- 
pers with indicating and locking 
quadrants. Behind each air supply 
register is a friction type damper 


Schematic diagram of air conditioning system 
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accessible for adjustment. The ¢ 
work is made up from galvani 
iron sheet metal, with fusible li; 
self closing fire dampers as rec: 
mended by fire protection autly 
ties. 

The supply and return air du 
in the tunnel will be lined for a « 
tance of 20 ft with sound abso 
tion material. Some of the inlet r 
ister boxes and ducts are lined 
a distance of 15 ft with % in. sou 
absorption material to guard agai 
transmission of noise between ad 
cent rooms supplied from the sa 
main duct. 

The standard weight steel 
water heating piping will be weld 
with steel socket type streamli: 
fittings. 

The Conditioner 

The conditioner cabinet is mount 
on a concrete base, depressed in | 
center to serve also as a drip pai 

The unit, shown diagrammatical! 
in the sketch, is made up of a self 
cleaning electrostatic air filter, pr: 
ce woling coil for 55 F well water, pr 
heating coil, spray chamber with a 
battery of misting nozzles, heating 
coils, direct expansion cooling coils 
and a bank of activated carbon SO) 
and odor adsorbing canisters. Coil 
will be of the porcupine quill 
with internal spirals. 

The cabinet will be fabricated | 
means of a type of construction used 
hitherto chiefly for refrigerator ca 
inets and truck bodies. The sta: 
dard shapes used in this structur 
lend themselves nicely to the 
sembly of insulated conditioner cal 
inets at low cost. Using this metho 
a cabinet is made up of special gal 
vanized rolled sections and panels 
which combine great strength ai 
lightness due to the fact that t! 
panels are put in tension in all dire 
tions by special frame members fit 
ted with tension bars drawn 1 
place with flush set screws. T! 
structure is readily disassembled 
without damage to parts. 

Well water at 55 F greatly 
duces not only the city water | 
but also the capacity of the refri 
eration machine. The cold well wa 
ter will provide half the requi 
cooling capacity. The 30 ton co 
pressor, using “Freon” refrigera 
has a two step control. The dir 
expansion coils have clean-out ope! 
ings conveniently arranged for set 
icing. 
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The air conditioning system was 
esigned to maintain winter condi- 
sions of 70 to 72 F dry bulb, and 45 
er cent relative humidity with a 
vaximum variation of 5 per cent 
above or below ; summer conditions 
ire 78 to 80 F maximum dry bulb 
and the same relative humidity as 


in winter. 
Controls 


The automatic temperature and 
humidity controls are of the pneu- 
matic type. Most of the rooms have 
thermostats controlling the pneu- 
matic convector valves, the seats of 
which will not be drilled. There are 
also controls on some of the supply 
air dampers. 

A dew point thermostat installed 
on the leaving side of the direct ex 
pansion cooling coil will operate, 
through electro-pneumatic switches, 
the unloader device, the starter of 
the compressor, and the precooler 
coil water valve in such a manner 
that the compressor control is inop 
erative until the water valve is wide 
open, 

A duct humidistat, situated in the 
return air, will control the water 
valve on the humidifier sprays in 


winter and the precooler water valve 


and compressor control for summer 
dehumidification. 

A remote readjustable duct 
thermostat controlled by the outsick 
air pilot thermostat will control the 
return air and face and_ bypass 
dampers in summer. 

A positive acting return air 
thermostat will automatically change 
over the controls from winter to 
summer operation when the building 
temperature reaches a predetermined 
point. 

A static pressure regulator in the 
fan discharge duct will contro] the 
air volume damper. 

Two hot water regulators for con 
verters with normally closed valves 
will be reset by the outdoor thermo 
stat. 

Mercury type thermometers ar 
installed adjacent to each duct 
thermostat. 

Perry, Shaw & Hepburn § ar 
architects for the new building. and 
the George A. Fuller Co. is the gen 
eral contractor. Buerkel & Co. are 
the heating engineers. The work is 
being carried on under the direction 
# the staff of the business manager 


of the university coOperating wit! 

K. D. Metcalf, director of the uni 

versity libraries, and W. A. Jack 
] 


son, assistant librarian in charge of 


rare bo ik S 


IMPROVES WELDING FACILITIES 


Plant expansion and the resulting 
relocation of several production 
departments at the Reliance Elec- 
tric & Engineering Co., Cleveland, 
Ohio, made it possible to introduce 
some improvements in the facilities 
afforded the men who handle the 
welding operations. 

The first improvement was con- 
erned with introduction of canvas 
enclosures for the welding booths. 
Che only rigid part of the enclosure 
now is the plant wall against which 
all the booths are located. Three 
sides of each booth make use of 
regular brown welding canvas, hung 
y the corners from standard safety 

me stanchions, 6 ft 2 in. in height, 
with a base 125 Ib in weight. Each 
stanchion has bolted to it a light 
heet steel strip which projects 
pproximately 12 in. on either side 

the upright to prevent injurious 
ght rays from passing through the 





Absence of rigid frames of any sort 
around welding booths or across their 
tops makes it easier to move equipment 
into or out of the enclosures, particularly 
by overhead cranes. Ventilating system 
operates on principle of moving low vol- 
ume of air at high velocity, and holds to 
a minimum fumes incident to welding 
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Five inch flexible tubing. individually 
counterweighted with light airplane cable 
and equipped with screened bell end, 
can be moved directly over welder’s 
work. High velocity of air picks up 
fumes from welding operations which 


would otherwise escape into the air 
curtain junctions, and to provid 
snug enclosure of each boot! L hi 
stanchions used at the corne 

the booths have two of thes lig 
sheet steel strips bolted at 
angles to each other to form tig 
corners Kvelets in the top cornell 
of each section of weldu yy cal is 


permit fastening it securely to ho 


1 
} 
i 


in the stanchion tops his met! 


of holding the enclosures in place 
eliminates wires or pipe support 
] it] 


" 
+} 


across the tops of the nH 5. pel 
mitting greater freedom and safety 
in depositing work from cranes 

The second improvement mac 
possible with the new location of the 
welding booths 1s concerned with the 
method of ventilation that has bee: 
worked out. Lasis of the system ts 
ve use of a low volume of air at 
a fairly high velocity—545 cfm of 
air per intake at approximately 4 
\ 15 ft lengt! 


of flexible tubing, 5 in. in diameter 


in. Static pressure 


and individually counterweighted 


with hight airplane cable, is dropped 


into each booth from an overhead 
main ventilating line serving all 
welding stations. 

Each tube has a bell end 


(screened since one of the welders 


lost his cap up one of the pipes) and 


is just the right length to be readily 


+} 


maneuverable around and above é 


' 


work. No tube is long enough to 
touch the floor or to be laid on it 
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FOR DEFENSE | 


tbe 2 ee 
A new defense construction program was officially 


launched last month when Ralph A, Bard, assistant sec- 
retary of the navy, inspected steam propulsion apparatus 
under construction at the Westinghouse steam division 
plant at Lester, Pa., which is working 24 hours a day 
turning out marine propulsion equipment for fighting 
ships, cargo vessels and tankers. Production moves in 
fast—at the right, gears are being hooked to an overhead 
crane while plant expansion proceeds at the same time 



























A “lake” on the roof of the building (above) reduces 
sun heat gain and consequently the load on the air con- 
ditioning plant. Although almost half the outside sur- 
face of the building is devoted to windows, it is com- 
pletely sealed to outside air except for entrances and 
exits. Windows are of glass block construction, but they 
include a special “island” of double pane clear glass to 
allow those inside to look out, avoid “claustrophobia” 


The recently completed general office for the steam divi- 
sion works is air conditioned, chilled water being piped 
(through underground cement asbestos piping) from 250 
ton steam jet refrigeration equipment in the main boiler 
house to the air handling equipment in a pent house on 
the office building roof. There are two similar air han- 
dling systems, each supplying four of the eight zones 
into which the building is divided. The water coils are 
supplied with heated water in winter. Air is cleaned 
electrostatically. At the left are some of the controls 
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Effect of Insulation on Plant Perfor- 
mance in the Research Residence 


Introduction 


HE investigations in gravity 


warm-air heating and forced 

warm-air heating in the Re- 
search Residence at the University 
of Illinois prior to 1939 were made 
in an uninsulated structure. Dur- 
ing the summer of 1939 the exposed 
side walls and ceilings exposed to 
unheated space were fully insulated 
with mineral wool. 

lor the purpose of direct com- 
parison between the results obtained 
with the uninsulated and insulated 
structure, the same forced-air heat- 
ing plant, with no changes in the 
duct system, the baseboard warm 
air registers, the centrifugal fan, the 
stoker-fired warm air furnace, or 
the automatic control system was 
used in beth cases. 

The tests made during the heat- 
ing season of 1939-1940 were con- 
fined to studies of the performance 
and operating characteristics of the 
existing heating plant when the 
heat loss from the structure was 
materially reduced by the applica- 
tion of insulation and storm sash. 
Since the existing heating plant was 
adequate in capacity to heat the un- 
insulated structure, the use of the 
same plant in connection with the 
reduced heat loss was equivalent to 
the use of an oversized heating plant 
in the insulated structure. 


Description of Research Resi- 


dence and Heating Equipment 


The Research Residence, shown 
in Fig. 1, and the forced-air heating 
plant have been completely de- 
scribed in a previous publication." 


"Research Professor, Engineering Experiment 
Station, University of Tilinois. MemeBer of 
ASHVE. 

**Special_ Research Assistant Professor, En- 
gineering Experiment Station, University ol 
Illinois. Member of ASHVE. ; : ; 
1University of Illinois, Engineering Experi- 
ment Station Bulletin No. 266 by A. P. Kratz 
and S. Konzo, 1934. : 

For presentation at the Semi-Annual Meeting 
of the American Socrety or HEATING AND 
VenTILATING Encrneers, San Francisco, Calif., 
June, 1941. 
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By A. P. Kratz* and S. Konzo** 
Urbana, Illinois 


SUMMARY—Operating results are re- 
ported between an uninsulated and insu- 
lated structure utilizing the same heat- 
ing plant. Data are given for fuel con- 
sumption savings due to installation of 
insulation, and installation of storm sash, 
and in addition, the reduction in elec- 
trical inputs for the stoker and fan mo- 
tors of the heating plant are tabulated. 
Temperature data are also given show- 
ing the differential between the breath- 
ing level and the floor, together with 
the inside surface temperatures of the 
exposed walls due to the application of 
insulation to the structure. 


The Residence is a_ three-story 
structure of standard frame con- 
struction. The total space heated, 
including a sun room, amounted to 
17,540 cu it. 

In insulating the sidewalls and 
ceiling, wherever feasible, mineral 
wool batts were laid between the 
studding or joists. Wherever batts 
could not be conveniently used, nod- 
ulated mineral wool, having a den- 
sity of about 5 lb per cubic foot, was 
blown into place. Owing to the 
fact that the house was constructed 
with 6-in. studs, the insulation in 
the walls and ceilings was 55¢ in. 
thick. The insulation in the knee- 
walls between heated and unheated 
spaces was 354 in. thick. On ac- 
count of the presence of ductwork 
in some of the outside studding 
spaces, 95 sq ft of exposed wall re- 
mained uninsulated as compared 
with 2,164 sq ft that were insulated. 
The over-all coefficient of heat 
transfer for the exposed wall was 
0.047 Btu per square foot per hour 
per degree Fahrenheit and that for 
the ceilings was 0.048 Btu per 
square foot per hour per degree 
Fahrenheit. 

The double-hung windows were 
not equipped with weather strips, 
and during the tests they remained 
tightly locked. One series of tests 
was run with the Residence 
equipped with storm windows and 
door. All of the 50 windows on the 


three stories of the Residence, wi 
the exception of two small quarte: 
round windows in the east dorm 
tory, were provided with tightly fit 
ting storm sash. Felt stripping was 
placed along all four contact edges 
and the storm sash was drawn up 
tightly to the window casing. Th: 
front entrance was equipped with a 
storm door. 

The heating plant consisted of 
cast-iron, circular-radiator warn 
air furnace used in connection wit! 
a forced-air heating system. The 
principal dimensions of the furnace 
are shown in Table 1. A centrifu 
gal fan delivered 1675 cu ft of ai 
per minute through the furnace cas 
ing and duct system. 

The furnace was fired by means 
of a coal stoker of the underfeed 
type, which was inserted through 
the ash pit door. A balanced check 
damper was installed in the clean 
out of the chimney. The fuel 
burned was 1 in. x 10 mesh stoke: 
coal, washed and oil treated and was 
obtained from Saline County, I!! 
The feed rate of the stoker was 
about 26 Ib per hour, and the ai 
input was sufficient to provide 
burning rate of approximately 13 
per hour during on-pertods. 

The heating plant was controlled 
by means of a room thermostat op 
erating to start and stop the stoke: 
motor, and to start and stop the 
circulating fan as shown in Fig. 2 
This room thermostat was of thi 
heat-anticipating type, and was used 
in conjunction with two bonnet 
thermostats which served as hig! 
and low limit controls for the tem 
perature of the air in the furnace 
bonnet. When the room thermostat 
operated to start the fan and burner 
one bonnet thermostat prevented th 
fan from starting unless the bonnet 
temperature was above 125 F. Thi 
other bonnet thermostat prevented 
the burner from starting unless th: 
bonnet temperature was _ below 


150 F. 


1 
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Fig, 1—Warm Air Heating Research Residence, Urbana, HL. 




















Fig. 2—Simplified wiring diagram for control of fan motor and 
stoker motor 
(Research Residence installation, Seasons of 1937-40) 


Table 1—Dimensions and 
Furnace Used 


Grate diameter 
rate area... 
Firepot diameter 
Heating surface 


Total... 
Ratio of heating surface to grate area 
Casing diameter... 
rree area through casing 
Combustion space* 
Free area through over-fire damper 


* Combustion space is defined in this case as the 
pace above the hearth level, including the dome, 


t not the feed neck. 


Areas of 


23 in. 
2 .88 sq ft 
27 in. 
1 .36 sq ft 
8.10 sq ft 
18 .87 sq ft 
31 .93 sq ft 
60 .26 sq ft 
20 9 
5O in. 
4.97 sq ft 
8 8 cu ft 
4 9 sq in 


Method of Conducting Tests 


The average of the air tempera 
tures in all of the rooms of the 
house was maintained at 72 F both 
day and night. Observations of 
weather, indoor room air tempera- 
tures, room relative humidities, and 
other incidental data were made 
daily at 7:00 a.m., 11:00 a.m., 4:00 
p.m., and 10:00 p.m. Complete 
data were obtained for each 24-hour 
test period on the fuel consumption, 
weight of ash and clinkers removed, 
the total integrated time of opera- 
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tion of the fan and of the stoke 
the total electrical input to the tan 
and burner motors, and tl 
number of on-periods of both th 
circulating fan and the stoker. Dail) 
observations were made of the vol 
ume of air circulated, and the filters 
were cleaned with sufficient fre 
quency to maintain the air vol 
ume constant. In addition, con 
tinuous records of temperatures 
CO,, and the index of smoke det 
sity were obtained for each 24-hour 
period. Each day at 11 a.m., the 
clinkers were removed, the fuel bed 
was levelled, and the hopper was 
filled with coal 


mild weather no attention was given 


During extremely 


the fuel bed or hopper, except as 
required every two or three days 
By means of the balanced check 
damper, the draft in the smoke pipe 
was maintained at approximatel 

0.05 in. of water For each series 
of tests, data were obtained over a 
wide range of outdoor weather cor 

ditions, 

The following series of tests wert 
run: Series 4-38, which was dis 
cussed in a previous paper,” and for 
which the Residence was not insu 
lated and the windows were not 
equipped with storm sash; Seri 
1-29, for which the Residence was 
insulated, but the windows were not 
equipped with storm sash; and 
Series 2-39, for which the Residence 
was insulated and the windows were 
equipped with storm sash. In no 
case were any changes made in thi 
quantity of air circulated, in the feed 
rate and the rate of air supply to 
the stoker, in the settings of the 
automatic controls, or in the method 
of distribution of air from the base 


board registers. 
Results of Tests 


Calculated Values of Heat Loss 
The calculated values of the heat 
losses from the Residence, based on 
coefficients computed from the con 
ductivities given in THe ASHVE 
GUIDE and on a temperature diffe: 
ence between indoors and outdoors 
of 80 F, are given in Fig. 3. The 
heat losses for each of the three 
stories of the Residence, as well as 
those for the entire structure, are 
shown in graphical form. As an ex 
ample, in Case A, for which the 

Performa: ce of a Stoker-Fired Warm-Ais 
Furnace as Affected by Burning Rate and Feed 
Rate, by A. P. Kratz and S. KRonzo ASHVI 


Journat Section, Heating, Pipir ond Air 
Conditioning, January 1940, p. 65.) 
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house was not insulated and storm 
sash were not used, the calculated 
heat losses were 32,385 Btu pet 
hour for the third story, 49,780 for 
the second story, 67,675 for the first 
story, and 149,840 for the entire 
structure. In the usual two story 
structure of compact design and 
without exposed wings, the heat 
loss from the second story rooms is 
generally greater than that from the 
first story rooms. In the case of 
the Research Residence, however, 
the exposed sun room added a ma 
terial heat loss to that from the re 
mainder of the rooms on the first 
story, with the result that the total 
heat loss on the first story was much 
greater than that on the upper 
stories. 

In Case C, for which the house 
was insulated and storm sash were 


not used, the calculated heat losses 


t 
were 13,25 
third story, 28,167 for the second 


5 Btu per hour for the 


story, 50,551 for the first story, and 
91,973 for the entire structure. The 
ratios of each of these values to the 
corresponding values obtained for 
Case A are given in the last column 
in Fig. 3, and were 0409, 0.562, 
0.746, and 0.614 for the third story, 
second story, first story and entire 
structure respectively. That ts, the 
estimated percentage reduction in 
the heat loss effected by the appli 
cation of insulation to the sidewalls 
and ceiling was considerably greate: 
on the third and second stories than 
it was on the first story. Further 
more, while heat losses from the 
second story of the more common 
type of two story structure of com 
pact design are greater than those 
from the first story, usually the ap 
plication of insulation to sidewalls 
and ceiling also results in a propor 
tionally greater reduction on the 
second story than on the first story. 

\fter the Residence had been in 
sulated, and before any changes had 
been made in. the settings of the 
dampers in the branch ducts lead 
ing to the twelve warm air registers, 
a few preliminary tests were made 
to determine whether the installa 
tion of the insulation had resulted 
in any material lack of uniformity 
n the room temperatures. From 
the reductions in heat loss shown in 
Case C in Fig. 3, it would be rea- 
sonable to expect that after the ap- 
plication of insulation, the room 
temperatures in the third and _sec- 
ond story rooms would be higher 
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Fig. 3—Caleulated heat losses from 











Research Residence for 80 F 


difference 


than those in the first story rooms. 
Measurements of the air tempera- 
tures in the various rooms of the 
Residence confirmed this hypothesis 
by proving that the temperatures in 
the third story rooms were from 5 
to 7 F higher, and the temperatures 
in the second story rooms were 
from 1 to 3 IF higher, than those in 
the first story rooms, 

Hence, in the case of many exist 
ing homes in which the heating fa 
cilities in upper story rooms are 
inadequate, the application of insu- 
lation to sidewalls and ceiling 
should not only reduce the total 
heat losses, but should also tend to 
bring about a better balance in tem 
peratures in the rooms on the two 
stories. 

\ comparison of Case PB in Fig. 3 
with Case A indicates that the ap 
plication of storm sash alone on an 
uninsulated house is relatively more 
effective in reducing the heat losses 
from the first story rooms than it 
is on the upper stories. Whereas, 
a comparison of Case D) with Case 
A indicates that the combined ap- 
plication of insulation and storm 
sash would reduce the heat losses 
approximately in proportion, on 
each of the three stories. In any 
case, after the application of storm 
sash or insulation to an existing 
structure, some amount of readjust 
ment of the heat inputs to the vari- 
ous rooms will be necessary. 

After the preliminary observa- 
tions were made, the dampers in the 
ducts of the forced-air heating sys 
tem in the Research Residence were 


Heatine, I 


readjusted to reduce the amount 
warm air delivered to the secon 
and third story rooms. The dany» 
adjustments were easily mace 
no dithculty was experienced in | 
taining a uniform air temperature 
about 72 F in all of the rooms 
the Residence. 

Fuel Consumption: The cak 
lated values of the total heat loss 
Cases A and C, given in Fig 
indicate an estimated possible redu 
tion in heat loss effected by insul 
ing the sidewalls and ceili 
amounting to 38.0 per cent. Th 
data presented in Fig. 4, show 
the weight of equivalent coal burn 
per day, were obtained from act 
tests and afforded a means of cor 
paring the actual reduction: in 
consumption with the calculated 
duction in heat loss. The averag 
reduction in fuel consumption ol 
tained over a wide range of weath 
conditions was about 30 per ce! 
or approximately 0.78 of the est 
mated reduction in heat loss. The 
agreement between the actual redu 
tion in fuel consumption and 
estimated reduction of heat loss | 
be considered as close as can be « 
pected considering the uncertaints 
mm many of the assumptions inhere: 
in the calculation of heat losses 

A similar comparison from Fig 


{ 


3 of the calculated heat losses 
Case A and Case D, for the latte 
of which both insulation and _ stor 





sash were used, indicates an est! 
mated possible total reduction 
659 per cent, or an additional est: 
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alone was about 15 per cent or only 
0.55 of the estimated reduction in 
heat loss. In this case, the discrep 
ancy between the estimated reduc- 
tion in heat loss and the actual 
reduction in fuel consumption was 
quite large and may be due to the 
fact that certain factors affected by 
the actual conditions of operation 
deviated from those assumed for the 
calculation of the heat loss. 

Part of the discrepancy may be 
attributed to the uncertainties which 
necessarily accompany the computa- 
tion of infiltration losses, a complete 
(discussion of which has been pre- 
sented in a previous paper.* Some 


Fuel Saving Resulting from the Use of 
Storm Windows and Doors. by A. P. Kratz 
nd S. Konzo. (ASHVE Transactions, Vol. 

1936, p. 87.) 
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as shown in Fig. 5, and the aver 

age CO, in the flue gas was not 
as high, as shown in the top of Fig 
4. in the case of the insulated house 
as they were in the case of the un 
insulated house. It is possible that 
mn spite of the decrease in the a 

companying average flue gas tem 
peratures, as shown in Fig. 4, the 
over-all combustion efficiency for 
the stoker, during both the on 
periods and off-periods, was less 
with the stoker and furnace actually 
used than it would have been if the 
equipment had been properly sized 
for the insulated house No tests 
have as yet been made to determine 
whether the use of a smaller sized 
stoker and furnace in the insulated 
Residence would improve the over 
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commensurate with the reduced he 
losses. On the whole the result 
obtained are representative of those 
arising from the usual practice of 
insulating the house wit 
ing the heating plant 
hacit \s shown by 
Fig. 4, the average flue gas tet 


Furnace Cape 


peratures for a given day were 
greatest when the house was not 1 
sulated and storm sash were not 


used, and were the least when th 
house was insulated and equipped 
with storm sash. Hence, the appli 
cation of insulation and storm sash 
to a house already equipped with a 


furnace plant is equivalent to lig! 


ening the maximum load on_ th 
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plant, and thereby increasing the either the insu- 


life of the furnace equipment. lated or the un- 

The furnace and stoker in the insulated house 
Residence had sufficient capacity to at a given in- 
satisfy the heating demands of the door - outdoor 
uninsulated house when the outdoor temperature dif- 
temperature attained a value of ference. 


temperature used in Urbana, Ill. By 


In the case of 
—10 F, corresponding to the design lated, as compared with the uninsu- 
lated house, since the heat demand 
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Fig. 7—Off-periods of fan 














reduced time of operation, served t 
proportion the furnace output to the 
heat loss from the house. As shown 





burning the same total amount of was less, the stoker remained in by Figs. 5 and 6, the total time oi 


coal as that required to heat the un- 


furnace and stoker in the insulated 


house would have had adequate ca- and the amount 


pacity to satisfy the heating de- coke in the fuel bed was less. As 
during was insulated, as compared with th 


operation for a shorter period. 
insulated house at —10 F, the Hence, at the end of this period 
the combustion was not as 
of incandescent 


mands for an outdoor temperature a result, the combustion 


of approximately —44 F, which is 


ture recorded in Urbana. 

In an old house this excess ca- 
pacity represents a reserve sufficient 
to provide for the lowest possible 
extreme of outdoor temperatures in 
a given locality, while in a new 
house it represents the margin by 
which the initial cost of a new plant 
may be reduced. 

Stoker and Fan Operation: The 
influence of the controls on the fan 
and stoker motors was such that, 
irrespective of the size of the fur- 
nace relative to the over-all heating 
demand of the house, the heat out- 
put was proportioned approximately 
to the heat losses occurring in 


temperature in 


lated house. 
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the 
creased, and at the end of the on- 
period it was lower than that ob- 
tained in the case of the uninsulated 
house. Consequently, 
Fig. 6, the furnace operated at a 
lower range of bonnet temperatures 
in the case of the insulated house 
than it did in the case of the uninsu- 
This lower tempera- A. P. Kratz and S. Konzo. (University, 


of a ; the off-period was also less active, 
far in excess of the lowest tempera- and the temperature in the 
net at the end of the off-period 
and hence at the start of the subse- 
quent on-period was not as high. 
During the on-period, 
was being circulated by the fan, the 
bonnet de- ment for comfort. 


ture range, in conjunction with the 


while 


as shown in 


operation of the stoker and fan per 
day, and the electrical inputs to the 
active stoker motor and fan motor per day 
were each decreased approximately 
25 to 30 per cent after the house 


results obtained in the uninsulated 
bon- house. 

Factors Affecting Comfort: As 
discussed in a previous publication,’ 
the maintenance of a small tempera 
air ture differential from breathing 
level to floor is a necessary require 
Furthermore, 
short off-periods of the fan are mor 
desirable from the standpoint o! 
comfort than long off-periods, 11 
that the shorter off-periods tend t 





5Study of Methods of Control and Types 
Registers as Affecting Temperature Variatior 
in the Research Residence, by A. P. Kratz a: 
S. Konzo. (ASHVE Transactions, Vol. 44 
1938, p. 309.) 

Investigation of Oil-Fired Forced-Air |! 
nace Systems in the Research Residence, 


Illinois, Engineering Experiment Station 
letin 318, Nov. 1939.) 
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Fig. 8—Room temperature differentials 


minimize the temperature variations 
in the room brought about by cyclic 
operation. This is particularly true 
in cold weather, or for temperature 
differences from indoor to outdoor 
exceeding approximately 50 F. 

The tests made in the uninsulated 
and insulated Residence afforded a 
means of comparing the length of 
off-periods, and also the tempera- 
ture differentials as affected by 
changes in the nature of the struc- 
ture when no changes were made in 
the heating plant itself, or in its 
method of operation. As shown in 
Fig. 7, for a given temperature dif- 
ference from indoors to outdoors, 
the use of insulation brought about 
an increase in the length of time 
that the fan was not in operation 
per day. Fortunately, for tempera- 
ture differences exceeding about 
50 F, an increase in the number of 
fan operations per day was also ob- 
tained, with the net result that the 
average length of the off-periods 
was only slightly increased. 

During periods of cold weather, 
as shown by Fig. 8, the temperature 
differentials from breathing level 
and floor were diminished slightly 
after the house was insulated, prob- 
ably as a result of the fact that any 
down currents of air over the ex- 
posed walls were not as cold in the 
case of the insulated as they were 
in that of the uninsulated house. 
Hence, any slight tendency for the 
existence of a cold floor resulting 
from the increase in the length of 
the off-period of the fan evidently 
was more than offset by the bene- 
ficial effect of the warmer air com- 
ing down the exposed walls, and 
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Fig. 9—Inside surface temperatures of wall (North wall, living 


the temperature differential from 
breathing level and floor was de- 
creased rather than increased. On 
the whole, no marked differences in 
comfort, as measured by room air 
temperatures alone, could be attrib- 
uted to the insulation. 

In this connection, the data given 
in Fig. 8 show that the combined 
use of insulation and storm sash 
brought about a reduction of more 
than 1 F in the temperature differ 
ential from breathing level to floor. 
For example, for an indoor-outdoor 
temperature difference of 60 F, the 
use of insulation and storm sash re 
duced the temperature differential 
from breathing level to floor from a 
value of 3.8 F to one of 2.3 F. The 
temperature differentials shown in 
Fig. 8 were the averages of read- 
ings made in eleven different loca- 
tions in the Residence, and at most 
were much smaller than those that 
have been obtained with other ar- 
rangements of the heating plant in 
the same structure. It is possible 
that in structures which are not as 
satisfactorily heated as the Resi- 
dence originally was, and which 
show much larger temperature dif- 
ferentials from breathing level to 
floor, the use of insulation and 
storm sash might show to much bet 
ter advantage. 

The most marked improvement 
in comfort with the use of insula- 
tion was that resulting from the 
large increase in the inside surface 
temperatures of the exposed walls. 
The difference in temperature be- 
tween the indoor air and the inside 


- wall surface was plotted, as shown 


in Fig. 9, against the temperature 
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room) 


difference between the indoor ait 
and outdoor air. The temperature 
differences between indoor air and 
inside wall surface obtained from 
test observations on both the unin 
sulated and insulated wall section 
are designated by solid lines, and cal 
culated values of the same quantities 
are designated by broken lines. For 
both the uninsulated and insulated 
wall sections, the calculated temper 
ature differences were _ slightly 
smaller than the observed differ 
ences. The calculated and observed 
differences are in reasonably good 
agreement considering the fact that 
the actual coefficients of heat trans 
mission for the wall and the surface 
coefficient may differ somewhat 
from those assigned in the calcula- 
tions. 

Test values in Fig. 9 indicate 
that for an indoor-outdoor tempera 
ture difference of 80 F the wall sur 
face temperature was 14.5 F lower 
than that of the indoor air in the 
case of the uninsulated wall and 
only 3.5 F lower in the case of the 
insulated wall, or an improvement 
of 11.0 F effected by the insulation. 
With the large wall areas involved, 
this warmer wall surface tempera 
ture would prove to be a significant 
factor in reducing the radiation loss 
from the body, and in increasing the 
comfort of the occupant, even 
though the room air temperature 
was the same. In this connection 
it is of interest to note that the 
increase in inside surface tempera- 
ture of the glass in the windows 
brought about by the use of storm 
sash is of even greater magnitude 
than that shown in Fig. 9 for the 
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wall. The reductions in fuel con- 
sumption, shown in Fig. 4, effected 
by the use of insulation and storm 
sash would probably have been 
greater if the tests had been made 
so that in both cases equal comfort 
had been maintained in the Resi- 
dence, rather than equal dry-bulb 
temperatures. Due to difficulties in 
evaluating comfort, and to the fact 
that wall surface temperatures were 
not measured in all of the rooms of 
the Residence, no such tests were 
attempted. In any case the fuel 
economies reported in this paper 
may be considered as minimum 
rather than maximum values. 


Summary 


The following is a summary of 
the results obtained in the Research 
Residence and is applicable to the 
conditions under which the tests 
were conducted : 

1. The installation of insulation § re 
sulted in an average saving of approxi- 
mately 30 per cent in the actual fuel 
consumption, as compared with an esti- 
mated reduction in heat loss of 38.6 per 
cent 

2. The installation of storm sash on 
the insulated house resulted in an addi- 
tional average saving of approximately 
15 per cent in the actual fuel consump- 
tion as compared with an estimated re- 
duction of 27.3 per cent. 

3. The electrical inputs to the stoker 
and fan motors per day were each de 
creased from 25 to 30 per cent after the 
house was insulated, as compared with 
the results obtained in the uninsulated 
house. 

1. The estimated reductions in heat 
losses indicated that a greater benefit was 
obtained from the insulation of the second 
and third stories than from that of the 
first. This was confirmed by the fact 
that temperatures on the second story 
were from 1 to 3 F higher, and those 
on the third story were from 5 to 7 F 
higher, after the installation of insulation 
and before final adjustment of the dam 
pers, than they were in the uninsulated 
house. 

5. The temperature differential from 
breathing level to floor was only slightly 
decreased by the application of insula 
tion. 

6. At an indoor-outdoor temperature 
difference of 80 F, the temperature of the 
inside surface of the exposed walls was 
increased approximately 11.0 F by the 
application of insulation, thus resulting in 
a material potential increase in comfort. 

7. The application of insulation with- 
out changes in the heating system was 
equivalent to the use of an oversized 
furnace. In spite of this, on the whole 
no difficulties were encountered from 
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overheating or from lack of uniform 
temperature distribution in the rooms and 
the results may be considered as repre- 
sentative of those arising from the usual 
practice of insulating the house without 
changing the heating plant. 


Acknowledgments 


The results presented in this pa- 
per were obtained in connection 
with the investigation of warm-air 
furnaces and heating systems in the 
Research Residence® at the Univer- 
sity of Illinois, conducted by the 
Engineering Experiment Station 
of which M. L. Enger, Dean of the 
College of Engineering, is the di- 
rector, and in the Department of 
Mechanical Engineering of which 
©. A. Leutwiler, Professor of Me- 
chanical Engineering Design, is the 
head. This investigation is a co- 
Operative project sponsored jointly 
by tne National Warm Air Heating 
andl Air Conditioning Association 
andl the Engineering Experiment 
Staiion. These results will ulti- 
mately comprise part of a bulletin 
of the Engineering Experiment Sta- 
tion. Acknowledgment is made to 
1D). W. Thomson, formerly Research 
Graduate Assistant, for his services 
in conducting the tests and in the 
reduction of the test data. Ac- 
knowledgment is also made to the 
National Mineral Wool Association 
for their interest and cooperation in 
insulating the Residence, and to the 
various manufacturers who cooper- 
ated by furnishing instruments and 
equipment. 

“The Research Residence in Urbana, Illinois, 
was built, furnished, and completely equipped 
specifically for research work in warm-air 
heating by the National H’arm-Air Heating and 


fir Conditioning Association in December, 
1924 





PITTSBURGH HEARS TALK 
ON TEMPERATURE 
CONTROL 


March 10, rojr. Pres. E. C. 
Smyers called the March meeting 
to order at 8:00 p.m. at the Hotel 
Roosevelt, and the minutes of the 
previous meeting were approved as 
read. 

F. B. Mahon announced for the 
program committee that Prof. E. O. 
Eastwood, First Vice-President of 
the Society, would visit the Pitts- 
burgh Chapter in April. 


In accordance with the recent’ 


amendments to the By-Laws, Presi- 





dent Smyers appointed the folk 
ing to serve on the nominati 
committee: A. F. Nass, Chairm 
J. F. Collins, Jr., and R. J. J. Ty 
nant. 

Mr. Collins, member of the Cor 
cil of the Society, presented 
Nicholls, Fuels Engineer at 
U. S. Bureau of Mines, with 
certificate of Life Membership 
the ASHVE. 

The guest speaker of the eveni: 
J. R. Vernon, Chicago, was int) 
duced by F. C. MeIntosh, 
spoke on automatic temperatu 
control for air conditioning a: 
heating systems in larger building 
He presented this as a complet 
illustrated lecture on all types 
thermostats, humidistats, ete 


concluded his remarks by showin, 


the various devices assembled 
several types of complete syste 
of temperature control. The au 
ence thoroughly enjoyed his 
and, upon motion of P. A. Edwards 
Mr. Vernon was extended a rising 
vote of thanks. 

\ccording to Secretary ki 


well’s report 60 members and guests 


were in attendance at this meeting 
which adjourned at 10:15 p.m 
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Effect of Radiation Upon Thermal 
onductivities Determined by 


Hot Plates 


By R. M. Johnston* and Carl B. Ruehr**, Blacksburg, Va. 


Hl: accepted method of de- 

termining the thermal con 

ductivities of homogeneous 
insulating materials is by use of the 
guarded hot plate as specified by the 
Society for this purpose. At pres 
ent there are two general types of 
hot plates; those of metallic con 
struction having copper or alumi 
num surfaces, and those made of 
refractory material, notably the 
alundum plate developed and de 
scribed in previously available lit 
erature by Heilman.’ Both types 
employ one or more guard rings, 
and the methods of operation are 
similar. . However, thermal con 
ductivities determined by the two 
plates may show a consistent dis 
agreement even when determined by 
the same investigator using exactly 
the same apparatus with the excep 
tion of the hot plate. This persist- 
ent variation was noted by the 
authors and investigations were 
conducted, the purpose of which 
was to determinate and eliminate the 
cause for disagreement, or the de 
velopment of a method of compen 
sating for it, the results of which 
are presented in this paper. 

The apparatus used in this work 
was furnished by the Engineering 
Experiment Station of the Virginia 
Polytechnic Institute and the work 
was conducted as a part of the re- 
search program of this institution. 
the hot plate was of the alundum 

pe and was made by the Mellon 
Institute, and is approved by the So 
ciety and by the National Heat 
Transmission Council. 

The cold plates were designed by 
the Engineering Experiment Sta- 

*Asst, Professor, Mechanical Engrg., V'r 
kinia_ Polytechnic Institute. 

“*Ciraduate Fellow in Mechanical Enegrg.. 
rginia Polytechnic Institute 


\pparatus for the Determination of Thermal 


nductivities of High Temperature Insulation, 
R 1. Heilman (American Institute of Chen 


Engineers, June, 1936). 


\ 


tion and consist of cast brass cups 


2 i. deep and &'% in. inside diam 
eter which are covered by 3/16-in. 
COppel plates attached hy ring 


welds. Holes are drilled ir op 
posite sides of the cup for the ad 
nussion of cooling water. The upper 
surface is tapered and filleted to a 
finished surface 354 in. in diametet 
and % in. thick which contains four 
threaded holes by which floor 
flanges may be bolted to the plates 
to facilitate their attachment to the 
walls of the test chamber, as illus 


he coppel lace 


trated in Fig. 1. 7 
plates contain four milled slots in 
which constantan wires are run from 
their contact points with the plate 
29/32 in., 1% in.. 2% in. and 3 
in., respectively, from the centers of 
the plates ; and these plates const! 
tute the common wire for all fou 
thermocouples The  constantan 
wires are soldered to the copper 
plates at their contact points and 
are insulated from the plates at all 
other pomts 

Direct current was used which 
was supplied by a motor-generator 
set, and the power input to the 
plates was determined by the use of 


a volt-meter and an ammeter \l- 





Fig. 1—Assembly of plates and samples 
in test box 
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though not precision instruments 
both were calibrated and the powe: 
consumed was calculated from cor 
rected readings as determined by 
calibration, The potentiometer used 
was an instrument having ai 
racv of 1/100 millivolts 

Lhe electri circuits to the cents 
heating element and to the guar 
rings of the hot plate were furnished 
with suitable slide wire rheostat 


such that accurate balancing was 


obtained. These were used 
final adjustments only, the 
voltage regulation being accor 


plished at the motor-generator cot 
trol board 

\ metallic surface hot plate was 
However, a simple 


arrangement was devised to give the 


not available 


same characteristic performance. 
lwo 9-in. diameter hot rolled coy 
per plates 1/16 in. thick were placed 
on each side of the alundum plat 
lo insure true plane surfaces thes 
plates were subjected to a pressure 
¥ 30,000 Ib per square inch in a 
hydraulic press and the slight ir- 
regularities remaining after pressing 
were eliminated by machining thi 
surfaces. This arrangement gave, 
in effect, a copper surfaced hot 
plate, the alundum plate comprising 
the heating elements 

Two additional copper plates 


' 
} 


similarly surfaced, were provide 
for use between the samples and the 
cold plates. These were emploved 
so that plate characteristics on both 
sides of the sample could be con 
trolled. 

In making the tests, these plates 
were assembled in the test box as 
All cracks in th 


test box were puttied and the re 


shown in Fig. 1. 


movable panel was bolted in place 
to minimize air leakage, and mois 
ture effects, during the test runs 
\s a further assurance that no mois 
ture regain would take place in th 
samples, pans of calcium chlorid 


= 
te 
“ 





























Fig. 2—Test apparatus, test box panel removed 


were placed in the test box prior to 
the test and remained in the box for 
the duration of all test runs. 

Two 9-in, diameter samples were 
cut from a piece of % in. rigid fiber 
board insulation. These were used 
for all tests, and were maintained 
at 215 F in an electric drier for a 
period of 24 hours prior to each 
test run. 

It was assumed that the varia- 
tions in conductivity values obtained 
from different hot plates were due 
to variations in the surface charac- 
teristics of the plates. For this rea- 
son the emissivities of the copper 
surfaces facing the samples were 
varied by painting with flat black 
lacquer, white lacquer, 10 per cent 
aluminum paint, and finally by pol- 
ishing the plates to a state of high 
reflectivity. The emissivities ob- 
tained in this manner were 0.96, 
0.80, 0.52, and 0.03, respectively.? 
The emissivity of the surfaces of the 
sample was taken as 0.93 and of the 
alundum plate as 0.91. 

The thermocouples used for the 
determination of the surface tem- 
peratures of the samples were No. 
26 B and S gage copper-constantan 
wire with enamel insulation. Four 
thermocouples were used with each 
sample, two on the hot side and two 
on the cold side. These were sewed 
to the surfaces of the samples with 
a very fine thread, one being placed 
at the center of the sample and an- 
other at a position corresponding to 
the inner guard ring of the hot plate. 
The thermocouples built into the 
alundum. plate and those sol- 
dered to the cooling plates 





*Heat Transmission, by W. H. McAdams 
(McGraw-Hill Co.). 
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were not used 
when tests em- 
ploying the cop- 
per insert plates 
were made, ex- 
cept in the pre- 
liminary balan- 
cing. 

Briefly, the 
theory involved 
in the use of the 
hot plate method 
is that a meas- 
urable quantity 
of heat, devel- 
oped by an elec- 
tric current in a 
central section 
of the plate, is 
constrained _ by 
secondary heating elements so that 
its path of flow is normal to the 
surface of the plate and _ thus, 
normal to the surfaces of the 
sample which are in contact with 
or face the plate. All of the heat 
developed in the central or primary 
heating element and a part of that 
developed by the secondary ele- 
ments flows through the sample and 
is finally absorbed by cold plates 
through which a cooling medium is 
circulated. Thus, with the thick- 
ness, test area and surface tempera- 
tures of the sample known, the 
thermal conductivity of the samples 
may be easily calculated using the 
equation, 

3.415(EI)L 
> —_—__——.,, in which 
A (ty—1t2) 

E =the voltage drop across the primary 

element 

I=the current flowing through the 

primary element (amperes ) 

L =the thickness of the sample 

(inches ) 
A =the area of the test section (square 
(inches) 

t: =the temperature on the hot side of 

the sample (degree Fahrenheit) 

tp —= the temperature on the cold side 

of the sample (degree Fahrenheit) 

The effective emissivity of the 
plate and sample was calculated on 
the basis of the equation*® 


1 
in which 


eere = —_—_—_, 
(1/ep) + (1/es) —1 
Cert = the effective emissivity of the fac- 
ing surfaces 
épy = the emissivity of the plate 
¢s = the emissivity of the sample. 


In making the tests, an equaliza- 
tion period of approximately 2% 


®Loc. cit. Note 2. 





hours was required for the es 
lishment of thermal equilibriun 
all cases: that is, to establis 
constant temperature condi 
throughout the test and inner gi 
ring area. When this condition 
isted, thermocouple and power rm 
ings were taken at intervals oj 
min for 1 hour, these being 
aged for the conductivity cak 
tions. 

A total of 14 tests was made 
these, tests Nos. 3, 4, 5, 6, 7, 8 
10, 13, and 14 were made with p! 
inserts on both sides of the samy 
Nos. 1 and 2 were made wit! 
plate inserts; test No. 11 was m 
with black lacquered plates on 
hot sides only; and test No. 12 
made with highly polished plates 
the hot sides only. Data and res: 
of these tests are included in Ta 
1. Fig. 3 shows graphically th 
sults of test Nos. 1 through 10; 
the results of tests Nos. 10, 13 
14 are plotted in Fig. 4. 

Since the observed thermal 
ductivity is known to be affected 
the mean temperature at which 
tests are made, tests Nos. 13 an 











} 


were made so that the variation 
thermal conductivity with mea 
temperature might be determined 
for the samples used. These tests 
were made with the same plat 
serts having the same emissivities 
were used for tests Nos. 9 and 
the results being plotted with 
results of test No. 10 as previous! 
stated. This influence was anti 
pated and the mean temperatur: 
tests Nos. 1 through 10 was mair 
tained within a maximum spread of 
8.1 F. 

The effect of mean temperatur 
was determined for one emissivity 
only. However, this variation is 
characteristic property of the mat 
rial and thus should not be affected 
in any way by the test apparatus 
regardless of any other results 
which may be attributed to it. That 
is, variations of mean test temper 
ture made with black lacquered 
plates should give results wh 
when plotted in Fig. 4 would pro 
duce a straight line having the sam 
slope as the line shown but having 
a much greater value at the ordi 
nate intercept. Therefore, Fig. 
may be used to correct the points 
the emissivity-conductivity cury 
for mean temperature variation, 
desired. It may be pointed out 
however, that the maximum corré 
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Table 1—Data and Results of Tests 




















| 

Temper- | TEMPER- MEAN | | CaLeu- 

EFFEcrtive ATURE ATURE TEMPER- POWER LATED 

Test Emis- |WarmSime|CotpSimpe| arure (Correcrep|Correcrep| Inpur Conpbuc- 
No. SIVITY Dec F Dec F DecF | Vottace |AmMPeRAGE| Warts TIVITY 
1 |; 085 | 120.0 52.0 86.0 | 9.3 0.58 | 539 | 0.345 
2 0.85 128.5 564 92.5 9.5 0.60 | 5.40 | 0.344 
3 0.89 118.8 57.2 88.0 94 0.58 | 5.45 0.385 
4 0.89 120.5 57 .2 88.8 9.5 0.59 5.61 0.387 
5 0.7 128.8 564 92.6 9.0 0.57 5.14 0 307 
6 | 0.75 127.2 | 61.0 94.1 8.6 0.54 4 64 0.305 
7 | 0.50 128.0 56.8 92.4 5.4 0.54 | 454 0.277 
8 | 0.50 126.8 56.8 91.8 Ss 0.53 | 4.46 0.276 
9 0.03 | 124.8 56.8 90.8 7.6 0.49 3.72 0.238 
10 0.03 126.8 56.8 91.8 aan 0.50 3.85 0.239 
il | 0.89 115.2 | 4.0 80 6 9.3 0.58 0.383 
12 0.03 | 114.4 57 .6 81.0 va 0.50 0.204 
13 | 0.03 88.8 | 564 72.6 5.1 0.34 0.233 
14 0.03 | 169 .2 60.0 114.6 9.9 0 62 0.246 


| 
| 
| 
j 
| 


tion thus obtained is only 0.00259 
Btu per square foot per hour per 
degree Fahrenheit. On this basis, 
such a correction is of little value 
and may be neglected without intro- 
ducing noticeable error. 

From the tabulated results and 
from Fig. 3 it is evident that an in- 
crease in the emissivity of the plates 
causes an increase in the observed 
values of the thermal conductivity 
of the samples used. This variation 
may be caused by, (1) contact re- 
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Fig. 3—Variation of coefficient of ther- 
mal conductivity with emissivity of plate 


sistance, (2) penetration of the sur- 
face of the sample by radiant heat, 
the effects of both being aggravated 
by the surface condition of the ma- 
terial tested, and (3) the relative 
emissivities of the thermocouples 
and the sample surface. 

Thus, since the material is fibrous 
and the surfaces fuzzy and discon- 
tinuous due to slight irregularities 
the presence of air in the suriaces 
of the sample must be recognized. 
The air thus trapped between the 
plates and the surfaces of the sam- 


ples forms a film which, despite its 
discontinuity and thinness, resists 
the flow of heat to the sample. Fur- 
thermore, a part of the heat flow 
through those parts of the surfaces 
thus filmed will be radiant heat. In 
this case, thermocouples placed be- 
tween the surfaces of the sample and 
the hot or cold plate will not indi- 
cate a true surface temperature, 
thermocouple readings thus obtained 
giving either the average of the plate 
and sample surface temperatures or 
the mean temperature of the air film 
if its thickness is such that the 
thermocouple is not in contact with 
either-surface. Due to the weight 
of the plates and their arrangement 
during tests, the authors believe that 
the thermocouples employed were in 
contact with both the surface of the 
sample and the surface of the ad- 
joining plates in all cases, and that 
where a thermocouple was within a 
filmed area it indicated the average 
of the two surface temperatures. 
Under these circumstances the sur- 
face temperature of a plate having 
a high emissivity will be lower than 
the surface temperature of the same 
plate when transmitting the same 
amount of heat but having a low 
emissivity. Thus, with the cold 
plate temperature held constant, the 
measured temperature drop across 
the sample is lower for a_ highly 
emissive surface than for one of 
low emissivity; and the calculated 
thermal conductivity is therefore 
greater for the highly emissive sur- 
face. 

With regard to the penetration of 
the surface of the sample by radiant 
heat, it is suggested that the surface 
porosity and large fiber size consti- 
tute a surface structure analogous 
with those of a low density nature 
as reported by Finck,‘ who ad- 
vances the opinion that for low den- 


~ (Mechanism of Heat Flow in Fibrous Mate 
rials, by J. L. Finck. (Bureau of Standards 
Journal of Research, Vol. 5, Paper 243). 


Heatinc, Prreinc ano Am Conprriontnc, May, 1941 





sity fibrous materials the effect of 
radiation upon thermal conductivity 
values is of much greater impor 
tance than is generally realized. 
Although not primarily interested in 
radiation, Finck reports a change in 
thermal conductivity of 17 per cent 
obtained by changing the emissivity 
characteristics of a fibrous material 
by dusting it with aluminum pow- 
der. Since the net result of thus 
dusting the sample was to change 
the effective emissivity between 
sample and test plate, similar results 
might have been obtained by chang- 
ing the emissivity of the hot plate, 
as in the present instance. 

It is also possible that since the 
emissivity of the thermocouple used 
was much greater than the emissiv- 
ity of the material tested, the ther 
mocouples absorbed a dispropor 
tionate amount of radiant heat. 
However, with the thermocouples in 
contact with both hot plate and 
sample, the radiant energy available 
to them would, of necessity, have to 
be reflected by the surrounding 
fibers of the sample, and the effect 
thus produced is likely to be of lit 
tle consequence. 

Tests Nos. 11 and 12 were made 
in an attempt to determine the effect 
of radiation upon the individual 
sides of the sample. The copper in- 
sert plates were used on the hot 
side of the sample only, test No. 11 
employing black lacquered surfaces 
while the highly polished plates 
were used for test No. 12. The re- 
sults of these two runs were com- 
pared with tests Nos. 4 and 10, re 
spectively, the difference being that 
these latter employed the insert 
plates on both sides of the sample. 
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Fig. 4—Variation of coefficient of ther- 
mal conductivity with mean temperature 





























Very little difference in con 
ductivity values of tests Nos. 4 and 
11 was found, due to the fact that 
the highly oxidized condition of the 
cold plate produced an emissivity 
approaching that of the black lac- 
quered plate. A comparison of tests 
Nos. 10 and 12 seems to indicate 
that by far the greatest surface in- 
fluence (approximately 75 per cent ) 
is felt on the hot side of the sample. 
However, the evidence is incom- 
plete and no conclusion is drawn. 


Summary 


1. It must be remembered that the use 
of insert plates does not insure experi- 
mental accuracy and that, in particular, 
the use of a continuous plate for this 
purpose may introduce error. However, 
the purpose of this investigation was to 
secure comparative results only, which 
the authors believe has been accom- 
plished. 

2. For the samples used, a variation 
of the emissivity characteristics of the 
apparatus will cause a variation in the 
thermal conductivity values obtained. The 
greatest variation noted in these tests 
Was approximately °8.5 per cent of the 
maximum conductivity value thus ob- 
tained. 

3. It is suggested that approximately 
75 per cent of the surface effects upon 
conductivity values occur on the hot side 
of the sample. 

t+. The observed increase in thermal 
conductivity values is not constant over 
a range of effective emissivities from 
0.03 to 0.90, being greatest between ef- 
fective emissivities of 0.80 to 0.90. 

5. From the observed results it is sug 
gested that either contact resistance or 
surface porosity, or both in combination, 
are responsible for the extreme variation 
encountered. 

6. It is emphasized that the results 
obtained apply only to one material and 
one apparatus and are comparable only. 
No general conclusions are drawn or in- 
ferred except under these conditions. 

From the results obtained by the 
use of this material it is suggested, 
and the authors believe it would be 
advisable, to perform additional ex- 
perimentation to investigate the 
effect of plate surface characteristics 
upon a representative group of ma- 
terials, including fibrous, porous, 
and smooth or paper covered or sur- 
faced insulating materials. It is 
further suggested that a standard 
metallic hot plate be used for this 
work; that the plate emissivity be 
determined in the laboratory prior 
to each test, if necessary, in pref- 
erence to the use of tabulated emis 
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sivily values from reference sources; 
that a smaller size of wire be used 
for the thermocouples ; and that the 
thermocouples be imbedded in the 
surface of the sample, preferably 
concealed from the hot plate. 





SOUTHERN CALIFORNIA 
MEMBERS MEET 

March 12, togt. The March 
meeting of the Southern California 
Chapter was held at Steven’s Nika- 
bob Cafe with 33 members and 
guests in attendance. 

Through the courtesy of — the 
Lockheed Aircraft the members and 
guests heard a very timely subject 
discussed, heating and ventilating 
of airplanes, which was rendered by 
\. E. Smith, and proved very edu- 
cational. His talk was accepted 
with a great deal of interest, and 
he very clearly pointed out the prob- 
lems faced by the manufacturers of 
airplanes. 

This was followed by a picture 
on the growth and development of 
the Lockheed Plant, which was pre 
sented by K. W. Sneider. 

February 13, 1041. The Febru- 
ary meeting was held at the Walt 
Disney Studio, Burbank, Calif. 
with a total of 67 members and 
guests, who met at the Disney res- 
taurant for dinner preceding the 
meeting. 

After dinner the group was dl- 
rected to one of the studios where 
the processing of animated pictures 
was done. A very clear, concise 
explanation of how the pictures are 
made and the difficulties which are 
encountered during the process was 
followed by an ammated cartoon 
which was shown to the members 
and guests. 

At this point in the program, Lou 
LLeDeen, engineer for the Walt Dis- 
nev Studios, gave a very interesting 
talk describing the air conditioning 
system, and the problems encoun- 
tered in designing and installing the 
system to take care of the many 
unique problems in the processing 
of animated pictures. 

RESEARCH PROJECTS 
DISCUSSED AT ATLANTA 
February 10, 1941. The regular 

meeting of the Atlanta Chapter was 
called to order by Pres. S. W. Boyd 
at the Biltmore Hotel with an 
attendance of 65 members and 
guests. The minutes of the previous 


ineeting were approved as read, ; 
reports were submitted by the v; 
ous committee chairmen, Mes 
Templin, Tucker, McKinney 
Kent, the reports covering mem} 
ship, research, finance, public 
C. T. Baker reported that to d 
no bill had been introduced to 
voke State Engineers’ License |. 
and further stated that relia 
sources indicated that such a 
would not be introduced. 

A short moving picture was 
shown of the great naval bat: 
between English and French shi 
as well as of the collapse of 
Tacoma Bridge, Tacoma, Was! 

T. T. Tucker then introduced | 
speaker of the evening, F. | 
I loughten, director of \SH\ 
Research Laboratory, Pittsburg 
who gave a very interesting accou 
of the work that has been carri 
out by the Laboratory, outlining 
manner in which the Society deter 
mines what new projects are to 
carried out by the Laboratory a1 
how these tests are to be conducte 
He described the functions of 
Society's Research Committee, a: 
called attention to the fact that H 
King McCain, one of the Atlant 
members, was recently elected 1» t! 
Committee on Research for a thre 
year term. 

From Mr. Houghten’s talk, whi 
he illustrated with slides, it was 
opinion of the members present 
the tests conducted at the Labor 
tory to date indicate that the pro! 
lem of heat gain as it affects 
conditioning design is more compl 
and more important than the pr 
lem of heat loss is in heating desig 
It was brought out that this is 
tc some extent to the fact that 
the winter the outside temperatu 
will only vary about 10 per cent 
24 hours, while in the summer t! 
outside temperature will vary 
much as 100 per cent. For this 


reason, Mr. Houghten stated t! 
work must still be done on 
insulating value and the heat « 
pacity value of structures. 

Following Mr. Houghten’s tal 
he answered a number of questio 
from the floor, and President Boyd 
expressed appreciation to him | 
giving the Atlanta members 
opportunity of hearing his interes! 
ing and instructive talk. According 
to A. H. Koch, secretary of t! 
Chapter, the meeting adjourn 
after this discussion. 


; 
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eat Balance Tests of a Stoker- 





Domestic Heating 


By 


HIS paper contaims results of 

a series of heat balance tests 

on a domestic heating and air 
conditioning plant fired by a bitu 
minous bin feed ash removal stoker. 
Phe object of these tests was to se 
lect a coal best suited to this heating 
plant based on the following cn 
teria: (1) dependability, (2) avail 
and, (4) 


ability, (3) cleanliness 


economy. Dependability, meaning 
minimum attention, quick response 
to heat demands and uniform opera 
tion, is of major importance in a 
domestic heating plant. Once a de 


pendable coal has been found a 
continued source of supply is impor 
tant, particularly as in this case, in 
selection of 


Clean 
liness of competing fuels has been 


areas where a_ large 


stoker coals is not available. 


a major obstacle to the domestic use 


of bituminous — coal. Therefore, 


dust-proofing by oil or chemical 
means to insure a clean delivery and 
minimum dust during usage is de 
sirable in domestic heating plants. 
Two factors determine the economy 


of a heating plant. They are: the 


delivered cost of fuel and the 
thermal efficiency of the heating 
plant. The annual fuel consump 


tion of a domestic heating plant 
varying from 10 to 20 tons permits 
of fuel cost differences up to 20 per 
cent without seriously affecting the 
heating costs. However, thermal 
economy is usually affected by de 
pendability, attention required, and 
uniform operation. Of the two 
economy factors, thermal economy 
is therefore more important than 
dollar economy in a domestic heat- 
ing plant. 

It is to be expected that the dif- 
ferent burning characteristics of 
coals will affect their performance 
when fired and thereby their suita- 
bility for the job. For this heat- 
ing plant it has been found that the 
following characteristics are of pri- 
mary importance to successful re- 


“Mechanical Engineer, Harmon - on - Hudson, 
\ 


R. S. Julsrud.* Harmon-on-Hudson. 


SUMMARY Tests are reported for a 
domestic heating and air conditioning 
plant, fired by a bituminous bin feed 
ash removal stoker. To obtain good re- 
sults with coals of different’ burning 
characteristics, the tests show that satis- 
factory fuel bed conditions can be ob- 
tained, provided attention is 
the careful study of the burning charac- 
teristics of each coal under consideration. 
From the standpoint of dependability 
the coking action of the coal in the re- 
tort is cf major importance. No smoke 
nuisance was observed with any of the 
coals tested. High ash content is not 
objectionable. aside from the increased 
labor of removal. Observations indi- 
cated that a clean delivery and absence 
of dust in coal bin is desirable. and to 
fulfill this coal should be dust proofed. 


given to 


sults: (1 caking and/or cokin y 
tendencies : (2 density of cok 
formed on burning; (3) ease of ig 


and (4) ash 
Volatile con 


content and 


nition or reactivity 
fusion temperature 
tent, ash coal sizing 
appear less important. During these 


tests the important burning chara 


teristics were closel observed at 
are reported in the discussion of re 
sults. 

Description ] H AY 


The house (see I contail 


ig. 1) 
ing approximately 30,000 cu ft and 
1S-is 


eight rooms is constructed of 





\ jew of house 


Fig. 1 


stone walls with clapboard gables 
Six rooms are normally heated or 
about 25,000 cu ft of contents. The 
roof is slate covered and insulated 
with  flax-compound insulation 
blocks 2 in. 


have 2-in. air spaces between studs 


thick The side walls 


on 18-in. centers 


. 
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Plant 


J) } j ! } 
1 he eating pla see ig Z 
oO) CONsiIsts Of a Casi 
steel imcased warm air heatet 
at 120.000 Btu pe hour ity 
equipped wit! adiust ible Irv ive 





Fig. 2—View of heating plant 
humidifier and integral i! col 
tioner unit with four steel w 
ur filters. The air distributior 
is of the centrifugal pe witl 
ble. inlet, top discharge he 
capacity 1s 2,000 cim at a stati 
pressure and is driven by a 
single phase a-c motor War 
is delivered to room registers ] 

704 sq in, through ducts ai 
risers from a trunk line \ll 
are covered with two sheets 
bestos insulation. Cold ai 
trom each room lead to a trunk In 
and thence to the an naitions 
(he control consists of a met 
air-stat to regulate the nnet a 
temperature to the rooms, a mercoid 
warm air limit control to stop the 


stoker motor should the air fan 
, 


and thus build up excessive bon 


temperatures, and a manually ope 


ated switch to circulate cool 
ment air through the house in the 
] 


summer. The hot water heati 


system consists of a 1 in. diamete: 
red copper coil, built and install 
by the writer, encircling 
level and 


properly connected to a 60 gal ca 


ace shell at the fire door 


pacity horizontal storage tan} \ 


af 

















water encased gas heater provides 
hot water from June to October. 

A bin-feed, ash removal bitumin- 
ous coal stoker rated at 20 Ib coal 
per hour serves the heater: It has 
an 18 in. diameter retort making the 
ratio of direct cast-iron heating 
surface to retort area equal 48.95 
to 1.75 sq ft or 27.5 to 1. The 
stoker consists of four connected 
mechanisms which are, in the order 
of coal movement from the bin to 
the ash receiver: (1) the coal col- 


it is conveyed to covered ash cans 
at the side of the stoker. The en- 
tire ash removal system operates un- 
der suction eliminating any ash dust 
nuisance. 

As coal passes up into the retort 
from the feed screw the volatile 
gases are rapidly evolved and ignite 
by radiation and conduction from 
the incandescent coke above the re- 
tort. The alloy steel retort is de- 
signed to admit air through the 
tuyeres at high velocities resulting 





Fig. 3—Isometric view of heating plant 


lector, (2) the coal travel tube, (3) 
the burner and (4) the ash re- 
mover, as shown in Fig. 3, an iso- 
metric view of the heating plant. 
A ¥% hp motor drives a high pres- 
sure forced draft fan from one shaft 


extension and from the other, a steel 


worm engaging a bronze worm 
wheel which drives the ash con- 
veyor screw through a roller chain 
reduction. The coal screw is driven 
through another’ roller chain 


mounted on the ash conveyor screw- 
extension. The bin-feed collector 


rotates through bevel gears from the 


coal feed screw. A cam mounted 
on the ash conveyor screw drives 
the rotating grates through an ec- 
centric and shaft with an attached 
pawl at the end meshing with teeth 
on the under side of the grate. The 
grates revolve slowly on large ball 
bearings, about the stationary re- 
tort. Ash sifts through the seg- 
mented grates to the collector below 
from which it is scraped and 
dropped into the ash screw. Thence 
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in rapid ignition of the green coal 
to form coke masses immediately 
above the retort. 


Test Procedure 


Heat balance tests were run on 
three different coals on December 
1, 7 and 15, 1940, beginning at 
7:00 a.m. and ending at 7:00 p.m. 
The night before each test, the room 
thermostat was set back to 60 F 
(this being usual practice). With 
this setting the house temperature 
seldom falls below 60 F between 
10:00 p.m. and 7:00 a.m. Thus the 
fuel bed is well burned down on nat- 
ural draft at 7:00 a.m. when the 
thermostat is set up to 70 F. Prior 


to starting the tests, fly ash was re- 


moved from the circular goose-neck 


with a vacuum cleaner, the furnace 


hot water coil brushed clean, and 
the ash cans emptied. The rotat- 
ing feed collector arm was removed 
and a barrel open at both ends was 
placed over the feed flight section 


of the feed screw. Initially 100 Ib 


of coal were placed in the bar 
and subsequent amounts added 
withdrawn to empty the barrel 
the conclusion of the test. An av: 
age coal sample was taken fr 
small increments for later analys 
Ash discharged to the ash cans w 
weighed and a sample taken for ca 
bon analysis. Fly ash on the hea 
ing surfaces was found to be ve: 
small and this loss was allowed { 
in the unaccounted for loss. Ove 
fire and heater outlet draft \ 
measured with an inclined tu! 
draft gage and under-grate pressu: 
with a U tube. Flue gas temper: 
tures were obtained with an indi 
cating thermo-couple previous! 
calibrated with a mercury thermon 
eter. Room and outdoor temper: 
tures were taken with a combinatio: 
temperature and humidity indicato; 
No CO readings were taken, as 
low volatile coals were being tested 
and the furnace and stack gases 
gave no indication of smoke. Pre 
vious experience had shown marke! 
variation in flue gas temperatur: 
and CO, per cent during on and 
off periods. 

To obtain an over-all average for 
these quantities for heat balance 
purposes, it is necessary to obtain 
some measure of the relative 
amounts of coal burned in eac! 
period. To approximate _ thes 
amounts the assumption made 
Sherman and Cross' was _ used 
namely, that the rate of burning is 
proportional to the square root . 
the pressure drop across the fuel 
bed. With this value and the aver- 
age time of on and off operation, 
the weighted averages for per cent 
CO, and flue gas temperature were 
obtained. Power consumption for 
the stoker drive-motor and air dis 
tribution fan motor were averaged 
from several readings taken wit! 
the motors running separately and 
together with no other electric ap 
pliances in use. Operating data 
readings were taken at 15 min i 
tervals and averaged for the 12 hou 
tests. 


Discussion of Results 


Table 1 gives operating data an 
heat balance results with three dii 
ferent coals tested. Data on ex 
pected unaccounted for losses are 
meager. Radiation from the heate: 


1Efficiency and Costs of Various Fuels 
Domestic Heating, by Ralph A. Sherman_ar 
R. C. Cross. (Technical Report No. 3, Bitu 
minous Coal Research, Inc., Washington, D. ‘ 


‘ 
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Table 1—Performance Data of Stoker Fired Domestic Heating Plant 


vate of Test.... 
Duration of Test 
ie] Data 
Seam 
State 
County 
Location. . 
Size 
Dust Treatment. 
Proximate analy sis (As Fired Basis) 
Mousture.. . 
Volatile Matter. 
Fixed Carbon... 
° SPT 
Heat Value per Ib 
Sulfur (Separately ) 
Initial Deformation 
Softening Temperature 
Fluid Temperature 


Furnace Draft 

Draft Heater Outlet 

Forced Draft Pressure 
Heater Bonnet Temperature 
Outdoor Seanqgentuse. 
Living Room Temperature 
Boiler Room Temperature 
Flue Gas Temperature 

COs Heater Outlet 

Excess Air Heater Outlet 
Cold Water to Tank 

Hot Water from Tank 

Fuel Fired, Total 

Fuel Fired, per Hour 

Puel Fired per Sq Ft G. S. per Hour 
Total Refuse......... 

Total Refuse (Per cent of coal burned) 
Combustible in Refuse 
Stoker Feed 

Average “On” Period 
Average “Off” Period 


Heat Balance 
Dry Gas Loss. .... 
HO in Air Loss... 
HsO and Hein Fuel Loss 
Carbon in Refuse Loss 
Unaccounted for Loss 
Total Losses 
Overall Efficienc y (By Differer 


Hosting and Hot Water Costs 
Fuel Burned—Heating Season 
Heat Value of Fuel—Heating Season 
Unit Fuel Cost per Ton 
Unit Fuel Cost per Therm 
Overall Efficiency 
Heat Utilized—Heating Season 


Cost of Equipment 
Heating System 
- ee 
Total Cost. . 
Fuel Costs—Heating Season 
Fuel. .... 
Power for Air Distribution Fa: 
Power for Stoker. . 
Total Fuel Costs 
Maintenance— Heating Season 
Repairs to Heating System 
aw a Br to Stoker ; 
Total Maintenance 
Fixed Charges 
Interest on Equipment 
Depreciation of Heating System 
Depreciation of Stoker . 
Total Fixed Charges 
Total Cost per Heating Season 
Cost of Heat Utilized 
Based on Fuel Cost 
Based on Fuel and Maintenance 
Based on Total Cost 


casing is useful heat and should not 
be charged against the heating plant. 
naccounted for losses were placed 
at 5 per cent and based on: (1) fuel 
bed level error at start and finish of 
a test; (2) less due to unburned 
soot and hydrocarbons deposited on 
he heating surface and lost to the 
tack; (3) errors in flue gas tem- 








perature and CO, readings. This 
arbitrary value of 5 per cent is be- 
lieved to be generous for these 
losses.” 
Test No. 
This coal showed marked tenden- 
*Comparative Tests of Various Fuels When 
Burned in a Domestic Hot-Water Boiler, by 
F, 


- Maloch and C. E. Baltzer. (Canada 
Department of Mines, Bulletin No. 705.) 
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| 12-1—40 12-740 
hrs 12 12 
Upper Freeport Bloss 
| Pennsylvania | Pennsylvania 
Somerset | Tioga 
Gray Morris Run 
— 2in. x Oin - in. x Oin 
None | Oil Treate i 
by 3.5 | 2.3 
‘ | 18.7 | 18.9 
by | 68 .6 | 68.9 
oq 9.2 9.9 
Btu 13620 13480 
i 08 0.7 
F 2540 2520 
F 2670 2780 
F 2800 + 2900 + 
“On” | “Orr” TOTAL “On” | “Orr” | Tora 
PERIOD Periop | Pertop | Periop | Periop | Prriop 
IN. H:0 | 0.05 | 0.10 0.05 0.10 
IN. HsO 00 | O11 0.06 0.11 
IN. HO | a, 0.00 1.0 0.00 
F 200 200 
PF 36.5 22.0 
F 68.5 70.0 
F 60.0 62.0 
F 740 |} 410 575 | 700 400 554 
% me f: 7s 9.2 11.0 7.2 9.2 
yy 82 |} 145 102 | 69 160 102 
F 52 40 
F | 120 119 
Ib 150 140 
lb 12.5 11.6 
lb 70 6.5 
lb 15.5 15.0 
% 10 35 10.7 
‘ 35.0 32.0 
Min 35 | 40 
Min | 105 100 
16.50 | 15.90 
: 0.45 0.43 
% | 3.70 3.70 
. 3.88 3.71 
5.00 | §.00 
‘ 29 53 28 .74 
» 70 .47 71.26 
} 
Tons 11.5 11.5 
Therm | 3130 | 3100 
| 8 50 | 8.75 
s 0.031 | 0.033 
ms 70.0 | 70.0 
Therm 2190 | 2170 
| 
800 800 
$ 200 200 
$ 1,000 | 1,000 
| 
$ | 98.00 100 .60 
$ 14.40 | 14.40 
$s 11.50 11.50 
$ 123 .90 126 .50 
s 5.00 00 
$ 15.00 | 15.00 
$ 20 .00 | 20.00 
$ 30 .00 30.00 
$ 40 .00 | 40.00 
$ 20 00 20 .00 
$s 90 .00 90 .00 
$ 233 .90 236 .50 
| 
$ per Therm 0.057 0.058 
$ per Therm 0.066 | 0.067 
$ per Therm 0.106 | 0.108 


cies to coke 


during the 


j Pocahor . 

' 

} West Virgini ry 

j Merc er 
Sagamore No 


1'%4 in. x Oj 


Oil Treated 


2.8 
17.7 
74.9 
4f 
14570 
0 
250 
| 2400 
262 
| “Own | “Or 
Periop | Prriop 
0 O02 0 O4 
0.034 0 OO 
0 SU oO oO 
610 i70 
10 5 ~ 


"oOo 1” 
120 


1 


or mat over the 


coking 


process. 


i 
; 
8.0 


5.00 


20 .U0O 


30 .00 
40 .00 
20 .00 
90 .00 


0.049 
0.058 
0.100 


retort 


This 


blanket of plastic coal over the re- 
tort was slow to ignite and resistant 


to air flow through it. 


It was nec- 


essary to carry higher under-grate 


pressure 


and higher over-fire draft 


to hasten coking and burning up to 
reduce ash pit carbon losses. 


This 
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DISTRIBUTION FAN “ON” SECONDS 
° 






— | — 


these coke masses 
cooled, and unless 
pulled back over 
the retort would 
fail to ignite. This 
necessitated 5s € t- 
ting up the /old- 
fire control to 
maintain a higher 
furnace tempera- 


0 
oP ture and prevent 
1 ap tp rw 
S se loss of ignition. 
- 10 < es t—+—+— The high ignition 
5&9 a! aed EY SEE femperature ol 
2 this coke prob 
. ° 
ably caused this 
= 700 difficulty. No 
—— . ~ . 
clinker difficulties 
© 600 ; 
o were experienced 
a ° . 
= with this coal 
7 400 even though 
ioe rather heavy fuel 
= —— Stoker off beds were carried 
0 20 40 60 80 100 120 140 to maintain high 
ee es furnace tempera- 
Fig. 4—Characteristic curves for a typical on-off cycle of stoker ture. \dequate 


increased the flue gas temperatures, 
reduced the CO, and created poor 
air distribution through the fuel 
bed. Clinker difficulties were ex- 
perienced even though the coal 
analyzed 2800 F+- in fusion tem 
perature. This is probably due to 
blow-torch action of the air issuing 
around the matted fuel in the retort 
creating very high temperatures as 
well as areas in a reducing atmos 
phere under the matted fuel. The 
top size of the coal was too large 
for handling by the feed flight of 
the feed screw resulting in irregu 
lar feeding. The dust nuisance of 
untreated coal was evident in the 
handling and movement ‘of the coal. 

The test showed that this coal 
would require considerable atten- 
tion to maintain a well distributed 
fuel bed and thereby reduce clinker 
difficulties and also secure fair effi- 


ciency. 


Test No. 2 


This coal gave better performance 
and less attention than that of Test 
No. 1. However, the coal formed 
large, dense coke spires which, oc- 
casionally upon breaking at their 
base, fell clear of the retort leaving 
only a weak ring of flame surround- 
ing the retort. After prolonged off 
periods (approximately 2 hours) 
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oil treatment alle 
viated any dust 
nuisance. The high ash content 
was evident in the ash receiver cans 
The test showed that this coal 
would prove satisfactory where fre- 
quent heat demands prevailed re 
sulting in maintaining a fairly high 
furnace temperature. During mild 
weather with long off periods, the 
house would probably be overheated 
resulting in fuel waste 


Test No. 3 


This coal gave good thermal re 
sults and required a minimum of 
attention. While a strong coking 
coal, the coke spires, once formed, 
broke up into smaller pieces result 
ing in a well distributed fuel bed. 
This permitted carrying lower un 
der-grate pressure and furnace draft 
with resultant lower flue gas tem- 
perature and higher CO,. The coal 
responded quickly to heat demands. 
Once adjusted, no further changes 
in air or damper settings were re- 
quired. While fairly clean, a more 
liberal treatment of oil would be 
desirable to entirely reduce dust. 

No clinker difficulties were expe- 
rienced, although the ash fusion 
(fluid) temperature of 2625 F, was 
some 200 F lower than the other 
coals. A porous, well distributed 
fuel bed, absence of localized hot 
zones and of coal matting account 
for this. 





Fig. 4+ shows curves of react 
taken during test No. 3 which j 
trate the rate of change of flue 
temperature; per cent CO, in 
gases, and the on periods of th« 
distribution fan during a typical 
off cycle of the stoker. During | 
time, the flue gas temperature 
composition was taken at 5 min 
tervals and the on-off periods of 
air circulating fan as they occur: 
It will be seen that the flue 
temperature and per cent CO 
rapidly to approximately their m 
imum value upon heat demand a: 
remain quite constant whik 
stoker is on. Upon satisfaction 
the heat demand flue gas temper 
ture falls rapidly at first, then 
slower rate and finally levels of 
a minimum value. The per c 
CO, does not fall so rapidly nor 
soon after the stoker stops 
tapers off more slowly to its mi) 
mum value as excess air filters 
the furnace from various sour 
and as the rate of burning slows ww 
until a constant rate is acquired 

The top curve of Fig. 4+ shows t! 
response of the air distribution 
to heat demand. It will be seen t! 
the rate of change of bonnet air ten 
perature is slower than that of f 
gas temperature or compositior 
This is due to the slower rat 
heat transfer through the fur 
shell. This time varies from 10 
15 min normally, depending up 
the fuel bed condition and temper 
ture at the time of heat demar 
Once the bonnet air temperatu 
reaches the air stat setting of 
200 F the fan responds rapid 
from approximately 20 seconds 
and 180 seconds off to 60 second 
on and 60 seconds off at which he 
transfer rate it becomes about cor 
stant. Upon the stoker stoppin 
the bonnet cools more slowly tha: 
the flue gases, until a lower unifor 
heat transfer rate is established 

These curves show clearly the ad 
vantages of a solid fuel bed in estab 
lishing a more uniform room ten 
perature than is possible with hiqu 
or gaseous fuels. With — suc! 
fuels, once the source of heat suy 
ply is shut off, the whole heating 
system cools rapidly resulting in 
fluctuating temperature condition 
the heated rooms. This applies lik 
wise to the hot water supply in 
case, though to a lesser extent, dur 
to the difference in heat contents « 
the two fluids. This temperature | 
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elling out feature of solid fuel beds 
akes for more comfortable room 
conditions and should result in less 
fuel and power consumption than 
vith liquid or gaseous fuels. 
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ABOVE RETORT INCHES 


ro 


Top of fuel bed 
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DISTANCE 
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Fig. 5 Furnace temperature readings 
taken through fire door with stoker on 


Fig. 5 shows a few furnace tem 
peratures taken with an optical 
pyrometer The location of the 
readings with respect to the top of 
the fuel bed is approximate and, due 
to the continuous movement of the 
fuel, the temperatures may be in er 
ror + 50 F. They were taken dur 
ing a stoker on period to give some 
idea of the temperature gradients in 
this furnace. 


Annual Heating and Hot Water 
( osts 


A summary of these costs is 
shown in Table 1. The fuel burned 
per heating season was estimated as 
follows: 

Tons Coal / Season } Degree 
days (est.) & Total Register Area 
sq.in.) & Fuel Factor (Ib 14000 
Btu coal per sq in. Register Area 
per Degree Day)! + overall effi 
ciency 


5500 « 704 * 0.004 
I fficiency 
16000 Ib 
approximately 
Efficiency 


8 Tons 


E ficiency 


Comparison of consumption usi 
this equation with coal burned dur 
ing the 1939-40 heating season 
when both No. 1 and No. 2 
coals were used showed close agree 
ment No attempt has been 1 

to segregate the heat utilized 
heating the house, including 


ifving water and that utilize 


heat service water with the direct 
contact hot water coil here used 
\ rough check on daily hot wat 
consumption showed about 75 gal 
used. On an eight month basis; 30 
days per month: with 120 

a0 iF 70 | rise and an assu 
coil efficiency of 50 per cent ga 
21,500,000 Btu required or about 10 
per cent of the otal eat utilize 


The heat value of fuel burned 


season in therms is the product 
the calorific value of coal pet poul 
(as hired) 2000 Ib rer ton * tons 
burned 100.000 

The unit cost of fuel per therm is 
the product of the cost per tor 
100.000 calo val De : 
(as fired) 

Lhe powell costs are based o1 ol 
served consumption © 25 kw per 
ton coal burned for the circulatn oy 
air fan and 20 kw ee 
burned for the stoker at an average 
( st of 5 cents pe val 1 


No charg was made tor ash re 
moval from the basement, this c/ 


being done by the write 


Maintenance costs are estimat 
, ais Ri 
Che heater and air conditioner have 
averaged 99.00 pe season 
lating air t mote rouble. Stoke 
; 
its \\ seas ~ | ‘ 


aged $12.00 per season 


Che interest charg on equipmel 


is figured at 3 per cent This is ar 
approximate mean over a_ period 
re +} 


when 6 per cent 1s charged on the 


undepreciated balance. Deprecia 


tion on the heating system is figured 


at 5 per cent on an expected 20 


- ent , 
vear life and on the stoker at 10 
per cent on an expected 10° yea 
life. 


Conclusion 


Subsequent use of Test No. 3 coal 
has shown that it approximates thi 
criteria established in the introduc 
tion of this paper for coal sé lection 
for this heating plant; namely, (1 


dependability, (2) availability, (3 
cleanliness and (4) economy. The 
tests further show that it 1s possible 
to obtain good results with coals of 
different 


provided attention 


burning characteristics 


is given to study- 
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PHILADELPHIA MEMBERS LVN. 
SPECT COURT BUILDING 


1) \ ct vy ( 
Chante ‘ he Soc va ( 
Hollands Restaurant \ 
to order by Pre ( | | 

1) \I . cy ced i) 
Cassell, Lite Meml 
CICLT) Vi oy il) 1 rt 

_ 
ta on the past an 1 ‘ i 
of the ASHYV] call tte 

1 the Inel 
Socrery n the scent ] 

' 
oday 

1] ' ’ T 

( ea mw ‘ es 
the kebruary mec ng was d ( 
Vili?) on) | cit ‘ ‘ 
carnied 


\bout & 00 p.m the meeti 
adjourned so the member could 
proceed to the Municipal Court 
Building, where arrangements wer 
made to guide the Chapter n 
throughout the building, for inspect 
Ing the complete heating venti 
and air conditioning system 1 
very modern Court Building. | 
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siderable mterest Was snow! 11 thre 


many features of design and 
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Just a Reminder—California 
in June 


Palace Hotel, San Francisco 
June 16-20, 1941 


LABORATE plans are 

under way to greet Society 

members, their families and 
friends in San Francisco, June 16- 
20, when they arrive to attend the 
Semi-Annual Meeting 1941 with 
headquarters at the Palace Hotel. 
The Committee on Arrangements, 
under the guidance of G. M. Simon- 
son, is working closely with local 
groups to make this Pacific Coast 
meeting one to remember. Assist- 
ing Mr. Simonson are Clyde Bent- 
ley and Dr. B. M. Woods as vice- 
chairmen. The chairmen of the 
various committees of Golden Gate 
Chapter are as follows: 


EE cas cin whs ...N. H. Peterson 
Entertainment....... ....C. L. Peterson 
0 RR eae” A. J. Bouey 
RN ak baie cokeieeeeie. J. F. Kooistra 
Publicity.................E. W. Simons 
Reception. . WEvivescyrrs x 
Sports..... scak vex cht eens F, W. Kolb 
Transportation..........0. R. A. Folsom 


Numerous tours and inspections 
have been arranged, and there will 
be so many things to see and do in 
this beautiful country, time will be 
short, unless plans are carefully 
made in advance. 

A transportation plan for the San 
Francisco Meeting of the Society 
has been developed, and special air 
conditioned cars will be operated 
June 12 from Union Station, Chi- 
cago, over the Burlington Route. 
The train selected is the Exposition 
Flyer, operating on the following 
schedules : 


FAST SCHEDULE 
Via Moffat Tunnél and Feather River 
Canyon 


Car B82—A. C. Standard Pullman Sleeper 
(12 Sec., 1 D.R.) 
Car BX—A. C. Tourist Sleeper 


It should be noted that these two 
schedules provide an attractive trip 
in either standard Pullman or Tour- 
ist sleepers. The faster schedule via 
the Moffat Tunnel is for the con- 
venience of those who must arrive 
in San Francisco for Committee 
Meetings, while the schedule via the 
Royal Gorge permits an early morn- 
ing view of the Pike’s Peak region, 
a brief stop in the Royal Gorge with 
its towering cliffs and roaring wa- 
ters, then the Continental Divide, 
Eagle River Canyon, “Going to Sea 
by Rail” across the Great Salt Lake 
and a day along the route of the 
Forty-niners and through the High 
Sierras. 

If a sufficient number (100 or 
more) selects one route which will 
permit running a special train from 
Salt Lake City, some additional 
sightseeing features will be added to 
the trip. 

Members living east of Chicago 
can select the route they prefer and 
those from St. Louis, Kansas City, 
Minneapolis, Omaha and Des 
Moines, etc., can join their friends 
en route. For schedules connecting 
with the special train from Chicago 
confer with Local Ticket Agents 
and make arrangements for any re- 
turn route desired. The following 
optional return routes are available 
via: 


1. Ogden, Cheyenne, Omaha, Chicago. 
2. Los Angeles, Grand Canyon, Carlsbad 
Caverns, Indian Detour, Albuquerque, 


SCENIC ROUTE 
Via Royal Gorge and High Sierras 


Car B17—A. C. Standard Pullman Sleeper 
(12 Sec., 1 D.R.) 
Car BH—A. C. Tourist Sleeper 


(16 Sec.) (16 Sec.) 

June 12 12:35 p.m. ee Chicago ..elv. 19:35 pm. CST June 12 
eee ee kiss sR, 00 cece lv. 2:45 pm. CST 
11:25 p.m. isesxad Omaha, Neb. ,cos: BER Om... Goer 
C00 pat > Eeicw cen’ eS errr lv. 8:00 p.m. CST 

June 13 12:35 a.m, Rita a wane Lincoln, Neb. . lv. 1:20 am. CST June 13 
OP GML... lis. cece ME, cs ssc acct bye ar. 8:20 a.m. MST 
Sg i ee. | aE Rayer lv. 8:40 am. MST 
11:15 p.m. ar.......Salt Lake City...... ar. 7:30 am. PST June 14 
11:25 p.m. __iv.......Salt Lake City...... lv. 7:50 am. PST 

June 14 10:30 p.m. ar....... San Francisco....... ar. 8:25 am. PST June 15 
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Parace Horer Rares 


Single rooms with bath— 
$3.50, $4.00, $5.00, $6.00 and $7.00 | 
per day per person 

Double rooms with bath— 
$6.00, $7.00, $8.00 and $9.00 per day 
(2 persons) 

Twin-bed rooms with bath— 
$7.00, $8.00, $9.00 and $10.00 per 
day (2 persons) 

Suites— 
$10.00, $15.00, $20.00 per day. 











Wichita, Kansas City and St. Louis 
or Chicago. 

3. Los Angeles, Phoenix, El Paso: (a 
San Antonio, New Orleans, Atlanta 
Washington; (6) Kansas City and 
Chicago; (c) Fort Worth, Dallas and 
St. Louis. 

4. North Pacific Coast—Portland, Seat 

tle, Spokane, Yellowstone Park, St 

Paul, Chicago. 

North Pacific Coast—Portland, Seat 

tle, Spokane, Glacier Park, St. Paul, 

Chicago. 

6. Portland, Seattle, Victoria, Vancou 

ver, Lake Louise, Banff, St. Paul, 

Chicago. 

Portland, Seattle, Vancouver, Jasper 

Park, Winnipeg, St. Paul, Chicago. 

8. Los Angeles, Boulder Dam, Utah 
Parks (Bryce-Zion), Salt Lake City, 
Royal Gorge, Colorado Springs, 
Denver: (a) Kansas City and St 
Louis; (6) Omaha and Chicago. 


uo 


2 


With these routes in mind and 
the excellent technical sessions 
which have been arranged, one can- 
not afford to let such an opportunity 
pass by. Another advantage the 
Society members will have, will be 
the opportunity to attend the 52nd 
Annual Convention of the Heating, 
Piping and Air Conditioning Con- 
tractors National Association, which 
will have its headquarters at the St. 
Francis Hotel, and will convene the 
week of June 16. The Association 
has planned a meeting of great im- 
portance to their industry, present 
ing problems which must be faced 
and solved, especially problems 
arising under the National Defense 
Program. 

A joint session will be held with 
the HPACCNA (see Schedule of 
Events p. 336) at the St. Francis 
Hotel, on Monday morning, June 
16, and will have W. L. Fleisher, 
President of the ASHVE, as the 
presiding officer. This will be fol- 
lowed by a joint luncheon at the St. 
Francis where the members of both 
organizations can enjoy a friendly 
get-together. 

Topics of interest to all will be 
discussed at the Society’s technical 
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essions opening Tuesday and 
nong these subjects are panel 
eating, weather data, conservation 
f underground water, application 
‘ gas fuel to heating boilers, ther 
mal conductivity of wood, effect of 
nsulation on plant performance, 
heat losses, thermodynamic proper- 
ties of air and water, effect of local 
cooling on reactions of individuals, 
and a resumé of research in cooper- 
ative institutions. In _ connection 
with research, it is planned to have 





From 
Atlanta, Ga. 
Baltimore, Md 
Boston 
Buffalo 


Chicago 
Cincinnati 





Cleveland . 
Dallas 
Denver .... 
Des Moines 
Detroit 
Durham, N. C 
Grand Rapids 


N. H. Peterson 


Greensboro, N. ¢ 
Houston ... 
Indianapolis 
Kansas City . 
Los Angeles 
Louisville, Ky. 
Madison, Wis 
Memphis 
Milwaukee 
Minneapolis - 
Montreal 
Nashville 
Newark, N. J 
New Haven 





R. A. Folsom 


New Yor k eseee 
Nor folk 
Omaha 


Oklahoma City 


Pittsburgh 
Portland 
Racine, Wis 
Richmond, Va 
Seattle 
St. Louis .. 
Toledo 

Toronto - 
Utica, N. Y. . 
Washington 
Wichita, Kans 
Winnipeg 
Worcester, Mass 





J. A. Hill 





will be able 


an inspection trip to the University to 20. Here on 

of California where research work is view the very latest n moder 

now under way. apparatus for heating, ventila 
Those planning to be in Califor and air conditioning llat 

nia the week of June 16 will not C. F. Roth, manager of the | 

only have the Society’s Semi-At sition, has promised a1 

nual Meeting and the Annual Con event, and he has announced 

vention of the HPACCNA to more than three-fourths of the « 

attend, but they will have an oppor hibition space is alrea 

tunity to spend many hours at thx reserved 

Civic Auditorium, where the Pacific Mark the calendar an 

Heating and Air Conditioning Ex plans for a busy time in ds 

position will be held from June 16 isco during the weel 


New Orleans ..--. 


Philadelphia .... 





M. Simonson 


Round Trip Railroad F;: 


ires to San Francisco 


ist CLass Coacu* 
Coach Firs INTER- INTES 
CLass CLAss* MEDIA MEDIA 
$74.60 $106.70 > 91.20 $ 83.1/ 
89.71 132 116.70 8 2 
17.20 145.¢ ’ 105.8 
86.10 120.6 ‘ " 
65.01 90.3 74 ng 
4.30 105.4 20.9 29 8 
78.70 110,00 87.80 
54.40 75.60 61.95 
43.50 60.4( 49.4 
58.75 81 66.8: 
76.40 10¢ 10.45 85.4 
85.50 124.¢ 109.1 ‘ 
72.40 101,00 84.7 $1.40 
83.70 21.80 106.! 12.24 
54.40 TH. 61.95 
71.70 9.9. s4.4 5 0 
54.40 75.60 61.9 
. 10.80 19.90 16.00 
70.50 19.55 s4 79 
65.00 90.350 74.00 
64.40 89.25 ri 0 
65.00 90.30 74.00 
65.00 90.30 74.00 
98.20 140.55 124.25 
70.50 99.85 84.35 79.00 
90.00 135.00 123.10 101.60 
90.00 135.01 125.45 101.8 
64.40 89.25 7 0 
- 00.00 1: 0 123.45 101.8 
91.25 132.585 117 99 
54.40 »,60 61 
54.40 75.60 61.9 
90. 135.50 119.20 9 
83.80 117.40 101.11 92.80 
22.50 33.70 25.30 
65.00 90.380 74.00 
89.40 129.45 113.9 17.90 
26.50 41.95 $3.15 
61.60 85.60 £5.60 
74.40 103.8 87.5 83.40 
87.25 119.8 103.55 
10.00 130.5 114.5 Sof 
89.70 1 0 116.70 2 
54.40 75.60 61.95 
80.25 108.20 91.40 . 
95.40 143.05 126.7 104.( 


*Pullman and Tourist Sleeper charges ar 
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B. M. Woods 
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. el &D) 
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4/ 
40.4 
6.7 
7.80 
23.10 
0 9 
Tat 
45.2% 
43 
26.8 
6.30 
8.10 
0.45 
4.70 
' 
45.70 
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PROGRAM 


Semi-Annual Meeting, 1941 


AMERICAN Socrety OF HEATING AND VENTILATING ENGINEERS 


Palace Hotel 
June 16.20, 1941 


Sunday, June 15 


10:00 a.m. ASHVE Registration—Palace Hotel 10:00 a.m. 
2:00 p.m. Committee Meetings 
Vonday, June 16 
S:30 a.m. ASHVE Registration—Palace Hotel. 
10:00 a.m. Joint Session with Heating, Piping and Air Condi- 
tioning Contractors National Association St 
Francis Hotel—W. L. Fleisher presiding 
(a) Invocation 
(6b) Singing “America” 
(c) Greetings by City Official 12:00 p.m, 
(d) Response by J. E. MeNevin, President, HPACCNA 7:00 p.m. 
(e) Greetings by Local Presidents ASHVE and //PACCNA 
(f) Program Announcements 
(vg) Group photograph 
(h) Speaker 10:00 a.m 
12:15 p.m. Joint Luncheon—-St. Francis Hotel (sponsored by 


HPACCNA) 


Opening of Pacific Heating and Air Conditioning 
Exposition—Civic Auditorium 

Council Meeting 

Dinner, Entertainment and Dance—St. Francis Ho- 


tel (sponsored by HPACCNA) i2:00 p.m, 


San Francisco. Calif. 


Wednesday, June 18 








TECHNICAL 


SESSION 











The Application of Gas Fuel to Existing Heat 
Boilers, by R. L. Grutzmache 
The Thermal Conductivity of Wood, by J. D. M 





Lean 
Effect Plant 
Research Residence, by A. P. Kratz and S. K 
An 


Lk SSes, by 





of Insulation on Performance 








Analysis of Factors Influencing Building H 
P. D Close 
Civic Auditorium 








Exposition 





ASHV! 


Banquet and Dance (sponsored by 





Thursday, June 19 


TECHNICAL 


Society 


SESSION 





Resumé of Research in Cooperative hh 





tutions, by A. E. Stacey, Jr 

The Interaction Constant for Moist Air, by ] 
Goff and A. C. Bates 

Effect of Local Cooling on Reactions of Indiv 
uals in Various Environments, by F. C. Houg! 





Exposition—Civic Auditorium 























Tuesday, June 17 2:00 p.m. Inspection Trip to University of California 
TECHNIGAL SESSION 
: : ; : . : Friday, June 20 
Panel Heating and Cooling Analysis, by B. F. 
Raber and F. W. Hutchinson ASHVE—JOINT PROGRAM—HPACCNA 
Weather Data for Cooling Design Application, by Sightseeing and Inspection Trips 
J. D. Kroeket ; . Deep Sea Fishing Contest (ASHVE ws 
Conservation of Underground Water with Sugges HPACCNA) 
tions for Control, by N. E. Porter a 
. °.* . e ° . oO F -97¢ > S " rp 
Exposition—Civie Auditorium Golf Tournament (ASHVE os. HPACCA 
Sightseeing Exposition—Civic Auditorium 
SCHEDULE OF EVENTS 
52nd Annual Convention 
TING. PIPING AND AIR CONDITIONING CONTRACTORS VATIONAL ASSOCIATION 
Headquarters—Hotel St. Francis. 
San Francisco, Calif. 
June 16-20, 1941 
Sunday, June 15 Wednesday, June 18 
Meeting of Board of Directors 
2:00 p.m. Convention Session 
Monday, June 16 ; 2 ade 
7:00 p.m. Members invited to attend Banquet of the ASH\ 
Registration 
Joint Session ' Thursday, June 19 
Joint Luncheon with ASHVE. 
Opening of Pacific Heating & Air Conditioning ; : tg 
Ps rer! La Paci —— * at , 9:00 a.m. Convention Session 
Exposition , a = , . 
Annual Dinner and Dance 2:00 p.m. Inspection Trip to University of California 
as Meeting of Board of Directors 
Tuesday, June 17 aK 
; 7:00 p.m. Exposition 
Convention Session 
Luncheon for Advertisers in Official Bulletin Friday, June 20 
Roundtable Discussions 


Exposition and Sightseeing 


Joint Entertainment and Sightseeing Program 
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WISCONSIN MEMBERS 
ENTERTAIN ASRE 
PRESIDENT 
March 14, 1041. The Wisconsin 
Chapter met for its monthly meet- 
ing a the Knickerbocker Hotel, 
which was held jointly with the 
American Society of Refrigerating 
Engineers, and 66 members and 

guests attended. 

Pres. A. S. Krenz called atten- 
tion to the Students’ Exhibit at 
the Mechanical Engineers’ Build- 
ing at Madison, and invited all 
those present to attend. 

Ernest Szekely suggested that the 
Society consider the revision of the 
Heating and Ventilating Code, and 
this opinion was concurred in by H. 
C. Frentzel. C, HH. Randolph, J. H. 
Volk and Carl Becker led the dis- 
cussion regarding the proposed re 
visions to be made to the code to 
bring it up to date. E. W. Gifford 
then made a motion to have the 
Society appoint a committee to 
study the revision of the present 
Heating and Ventilating Code and 
report back to the membership, and 
the motion was duly seconded and 
carried. 

President Krenz then turned the 
meeting over to Mr. Tokach. chair 
man of the program committee for 
the ASRE, who introduced the first 
speaker of the evening. W. S 
Moehlenpah, air conditioning engi- 
neer, Chicago, Milwaukee, St. Paul 
and Pacific Railroad. The speaker 
addressed the gathering on railroad 
air conditioning, its installation. 
operation and maintenance, which 
he illustrated with slides. His talk 
was gratefully received. He omit 
ted the elementary principles and 
took up the subject particularly 
from the angle in which it differed 
from the ordinary comfort cooling 
and air conditioning jobs. 

The principal speaker of the eve- 
ning was L. L. Lewis, vice-prest- 
dent and chief engineer, Carrier 
Corp.. Syracuse, N. Y.. also Na 
tional President of the ASRE, who 
spoke on What An Engqineerina 
Society Offers You. Mr. Lewis 
stressed the benefits which accrue 


to engineers belonging to an engi- 
neering society and recounted from 
his personal experiences some of the 
henefits that he has received over a 
period of many years 

Upon completion of Mr. Lewis’ 
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talk, Mr. Tokach then called for a 
rising vote of thanks to both speak 
ers, which was followed by adjourn 
ment, as reported by H. W. 
Schreiber, secretary of the ¢ hapter 


LATENT AND SENSIBLE 
HEAT DISCUSSED 
AT ATLANTA 

March 7, 1941. The March meet 
ing was held at the Biltmore Hotel, 
and was called to order by Presi 
dent Boyd, with 31 members and 
guests present. The minutes of the 
previous meeting were approved as 
read. 

Following Mr. Templin’s report 
on membership, T. T. Tucker, 
chairman of research committee, re 
ported that a meeting was held 
while Director Houghten of the Re 
search Laboratory was still in town, 
and, while Dr. Houghten injected 
several new thoughts into the out 
line of the research program, it was 
finally decided to let the program 
remain as initially set up. Mr. 
Tucker further advised that the 
hnal form of the contract would 
be signed shortly. 

President Boyd introduced th 
guest of the evening, Scott | 
Nicoll, mechanical engineer, York, 
Pa., who selected as his subject Re 
heating by Means of Refrigerant 
Compressor Discharge Gas. He 
prefaced his talk by defining the 
various words and phrases used in 
presenting his subject. Following 
this he gave an excellent description 
of how latent and sensible heat re 
moval can be accomplished at the 
same time with the same apparatus 
He supplemented his talk by picture 
shdes which outlined the several 
ways in which reheat could be im 
troduced into a cooling system and 
from data gathered from several 
actual jobs, he showed through a 
process of constructive steps, the 
most satisfactory system which 
could be set up to meet the sensible 
and latent heat requirements. These 
figures were then applied to three 
different types of bypass systems in 
which the refrigerant hot gas was 
employed as a means of reheat so 
as to balance out both the latent and 
sensible heat requirements for these 
three types of systems. 

This was a very interesting pres 
entation as was evidenced by the 
number of questions which were 
asked by the audience. 


May, 1941 


following Mr. Nicoll’s talk, Mh 
Tucker, in the absence of Mr. Kent 
gave a resume of the National 
Chapter Delegates Meeting 

Mr. Tidmore, smoke ins* Or 
outhned the progress made on thi 
heating code, his talk being suppl 
mented a great deal by C. B. Col 
\ number of questions were asked 
regarding certain phases of the coc 
following which it was decided 
continue the discussion at the next 
meeting of the Chapter Adjourn 
ment followed at 10:00 p.n 


VANITOBA MEMBERS HAVE 
A QUESTION BEE 


Januar, : IO fl hi regula 
monthly meeting of the Manitoba 
Chapter of the Society was held 


the Fort Garry Hotel, Winnipe 
with Pres. i’. L. Charles presiding 


~ 


Dinner was served preceding § thy 
meeting which was called to order 
by the president The reading of 
the minutes of the previous meeting 
was the first order of business. and 
these were adopted on motior 
I. M. Hepburn, seconded by |. R 
Stephenson 

G. C. Davis reported for the en- 
tertainment committee that the ar 
nual party, originally planned for 
January, had been postponed. There 
being no other committee reports, 
President Charles advised that a re 
quest had been received lor ques 
tions to be discussed, and a lively 
discussion resulted in the submis 


sion of the following questions 


1. What plans has the Speakers Bu 
reau for furnishing speakers to remote 
Chapters such as Manitoba 

2. Could the Guide Publication Con 
mittee publish a supplement t Due 
Guipe, in loose-leaf form of a convenient 
size, containing tables from Tue Guin 
which are in constant us¢ 

§ Has the Society any data on the 
increase in pressure in a closed vessel 
ontaimng a liquid when a temperature 
rise occurs? In other words, what is the 
rise in pressure (total and per degree) 
m a range boiler from 50 F and 40 Ib 
originally, to 200 F 

i. Under what conditions do« th 
Society make a grant to a University for 


research ? 


Those submitting the questions 
were Messrs. Davis, Michie and 
Steele. 

Considerable discussion followed, 
and after arrangements for the an 
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nual party were completed, the sec- 
retary was instructed to bill all 
chapter members for 1941 chapter 
dues and to show 1940 arrears 
where such were outstanding. 

Motion was made by J. B. Steele, 
seconded by Mr. Davis, and car- 
ried, that if any record existed of 
arrears of chapter dues for 1939 or 
earlier, such record be closed. Fol- 
lowing this the meeting adjourned 
at 9:10 p.m. 


ONTARIO ANNOUNCES 
CANDIDATES 


March 3, 1041. There were 70 
members and guests in attendance 
at the March meeting of the Ontario 
Chapter which was held at the 
Royal York Hotel. Vice-Pres. C. 
Tasker officiated in the absence of 
Pres. J. W. O'Neill. Following 
dinner Mr. Tasker introduced the 
visitors from Winnipeg and Hamil- 
ton, and announced that the next 
regular meeting would be held on 
April 21, at which time the Council 
of the S« ciety would be present. 

M. W. Shears, chairman of the 
nominating committee announced 
the names of candidates for the 
coming year as follows: President— 
C. Tasker; Vice-President—D. O. 
Price; Secretary-Treasurer—H. R. 
Roth; Board of Governors—W. C. 
Kelly, E. R. Gauley, A. S. Morgan, 
and J. W. O'Neill who automati- 
cally serves as retiring president. 

D. O. Price then addressed the 
meeting on gravity warm air, fol- 
lowed by a talk on forced warm air 
which was given by H. G. Hill. 
R. W. Bayles followed with a talk 
on gravity hot water, and A. T. 
Jones concluded the discussion with 
a talk on forced hot water. 

R. H. Lock extended a vote of 
thanks to the speakers following a 
round table discussion, which was 
followed by adjournment. 


NATURAL GAS AND AERO.- 


NAUTICS TOPICS AT 
MINNESOTA 


March 3, 1041. The regular 
monthly meeting of the Minnesota 
Chapter was held at the Coffman 
Memorial Union, on the Campus of 
the University of Minnesota, with 
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Pres. M. J. Bijerken presiding. 
The minutes of the February meet- 
ing were approved as read by the 
secretary. President Bjerken, who 
represented the Minnesota Chapter 
at the Society’s Annual Meeting in 
Kansas City, submitted his report 
on the meeting. 

The speaker of the evening was 
Lester Eck, General Superintendent 
of the Minneapolis Gas Light Co.., 
who discussed the production and 
utilization of natural and manufac- 
tured gas. He explained how nat- 
ural gas is brought to Minneapolis 
by pipeline from Texas. Before 
distribution, the natural gas is 
mixed with manufactured gas and 
conditioned by mixing with steam 
and oil. Mr. Eck further discussed 
the significance of variations in 
peak loads over a period of years. 
It was the consensus of opinion 
that this was one of the most inter- 
esting meetings of the year, and Mr. 
Eck’s talk was most satisfactorily 
received. The meeting adjourned at 
9:00 p. m. 

February 3, 1041. The February 
meeting of the Minnesota Chapter 
was held at the Coffman Memorial 
Union on the University of Min- 
nesota Campus, with 35 members 
and guests in attendance. 

Prof. F. B. Rowley, R. E. Back- 
strom and H. E. 
the work being done in the promo- 
tion of a new combined Mechanical 
and Aeronautical Building at the 
University. At the suggestion of 
Mr. Gerrish, the Chapter voted that 
the secretary direct a letter to the 
State Legislature urging the support 
of members of that body in obtain- 
ing funds for this building. 

The speaker for the evening was 
Prof. John Akerman, head of the 
Aeronautical Department at the 
University of Minnesota. Professor 
Akerman gave a very interesting 
discussion of the problems in con- 
nection with high altitude flying. 
He told of his experiences in devel- 
oping an improved method of dis- 


Gerrish discussed 


pensing oxygen at high altitudes. 
According to Professor Akerman, 
one of the biggest problems in avia- 
tion today is the heating and ven- 
tilating of planes. After considerable 
interesting discussion the meeting 
adjourned at 9:15 p. m., according 
to D. B. Anderson, secretary of 
the Chapter. 


W. L. FLEISHER MOVES 17°) 
NEW QUARTERS 


Walter L. Fleisher, President 
the Society, announced the remo 
of his office from 11 West 42nd ‘ 
to 475 Fifth Ave. New Yo: 
N. Y., on April 10. 


HACH JOINS LABORATOR) 
STAFF 


E. C. Hach, Westfield, N. J., | 
been appointed to the staff of 
ASHVE Research Laboratory 
cated at the Experiment Station 
the U. S. Bureau of Mines, Pitt 
burgh, Pa., as announced recent 





by A. E. Stacey, Jr., Chairman « 
the Committee on Research. M 
Hach has an extensive backgrou 
of experience in which he has served 
as Chief Engineer of the Manufac 
turing Department of Standard Ai: 
Conditioning, Inc., a _ division 
\merican Radiator & Standard 
Sanitary Corp., New York, wher 
he was in charge of research devel 
opment and product design. 

Prior to this connection he was 
employed by the Carrier Corp 
Syracuse, N. Y., where he was ¢1 
gaged in research and development 
work both in the laboratory and iv 
the field, and he also has held posi 
tions with the Beckwith Co., D« 
wagiac, Mich., Western Electr 
Co., Cicero, Ill., and the Mutual 
Fire Prevention Bureau, Chicag 
Ill. 

Mr. Hach, born in Philadelphi 
was graduated from Michigan Stat: 
College in 1920 with a B.S. in M: 
chanical Engineering; he is a reg 
istered professional engineer in ¢! 
State of New York; a member 
Tau Beta Pi, Honorary Enginee: 
ing Fraternity, and since 1939 ha 
been a member of the AMERICA? 
Society oF HEATING AND VENTI! 
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aTING ENGINEERS. He is the au- 
thor of a number of publications 
including Regulations for the In- 
stallation of Oil Burning Equip- 
ment, and has prepared numerous 
engineering manuals and pamphlets 
on the subject of heating, ventilating 
and air conditioning. 


ALFRED KELLOGG, LIFE 


MEMBER, DIES AT 75 


Alfred St. Claire Kellogg, con- 
sulting engineer of Boston, Mass., 
died at his home, 12 Wiley Road, 
telmont, Mass., on April 16, 1941. 
Mr. Kellogg was born in Danbury, 
Conn., in 1866, receiving his early 
education in the local schools and 
then attended Harvard University. 

From 1889 to 1893 he was con- 
nected with Fuller and Warren Co., 
as superintendent and engineer, and 
in 1899 was employed by the Amer- 
ican Blower Co. In 1900 he became 
part owner in the Massachusetts 
Fan Co. where he remained until 
1907 when he established his own 
business as consulting engineer in 
power, heating, lighting, refrigera- 
tion and air conditioning. 

Mr. Kellogg joined the ASHVE 
in 1916 and always took an active 
part in its affairs. Since 1936 he 
has been a Life Member of the So- 
ciety, a privilege and honor enjoyed 
by only a limited group. 

He was the first president of the 
Massachusetts Chapter and served 
on its Board of Governors continu- 
ously from 1919 to 1926, and was 
on the board at the time of his 
death. He served on the Society’s 
Council in 1920, 1921, 1923 and 
1924, on the Membership Commit- 
tee in 1920 and 1921, and as chair- 
man of that committee in 1924. In 
1922, 1925 and 1926 he served on 
the Nominating Committee, and as 
a member of the Committee on Re- 
search for a period of eight years, 
from 1919 to 1926. 

He was a member of the Com- 
mittee on Furnace Heating Instal- 
lation in 1918, and a member of the 
Committee on Chapter Relationship, 
and the Committee on Legislation in 
1919. In 1921 he served as a mem- 
ber of the Committee on Revision 
of Constitution and By-Laws, and 
as Chairman of the Committee on 
Chapters in 1921, 1923 to 1927. 

In 1922 he acted as one of the 
consulting engineers on the Com- 





Alfred Kellogg 


mittee on Steam and Return Main 
Sizes, and as a member of the Pub 
lication Committee in 1923. In 
1925 he served as a member of the 
Committee on Code of Ethics, and 
that same year served as chairman 
of the Committee to Draft a Code 
for Guidance of Membership Com- 
mittees. In 1926 and 1927 he was a 
member of the Committee to Co 
operate with the Rochester School 
Board. He was appointed chairman 
of the Committee on Rating Low 
Pressure Boilers in 1927, and in 
1928 served on the Committee on 
Maximum Boiler Output, and as 
chairman of the Committee on Rat 
ing and Selection of Low-Pressure 
Heating Boilers. 

Mr. Kellogg, as well as being a 
member of the ASHVE, was also a 
member of the American Society of 
Mechanical Engineers and the 
Illuminating Engineering Society. 
His passing will be a great loss to 
his many friends and associates in 
the engineering field. 

The Officers and Council of the 
Society extend their sincerest sym- 
pathy to his widow, who survives. 


PRESLY M. O'CONNELL 
DIES IN SEATTLE 


Presly M. O'Connell died at his 
home, 5749 3lst Ave., Seattle, 
Wash., on March 9, 1941, at the age 
of 53. He was born in Pittsburgh, 
Pa., July 3, 1888, and received his 
preparatory education in the public 
schools there. He served as an ap- 
prentice with Baker-Smith Co., from 
1902 to 1906, at which time he was 
employed by the American Warm- 
ing and Ventilating Co., Pittsburgh, 
where he received his drafting expe- 
rience. He remained with them un- 
til 1909. when he went with the 
Columbus Heating and Ventilating 
Co., Columbus, O., working there 
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in the shop until 1912. From 1912 
to 1914 he was on the staff of Lewis 
and Kitchen, Chicago, IIl., and late: 
became associated with Lewis and 
Capron Co., also in Chicago, as en 
gineer, 

Prior to his employment with 
Lewis and Capron he had 13 years 
of testing experience in designing, 
installation and operating large heat 
ing and ventilating systems. He had 
made a life work of the designing of 
heating and ventilating apparatus 
for public school buildings. 

In 1918 Mr. O’Connell was em 
ployed as heating engineer by Wil 
liam K. Robertson, Consulting En 
gineer, Minneapolis, Minn., at which 
time he was engaged to complete 
the engineering work at the Base 
Hospital, Camp Dodge, Ia. This 
work brought about his writing a 
paper entitled “Heating a Base Hos 
pital,” which was published in the 
JourNAL of the Society, in which 
he described the system installed in 
the cantonment, consisting of 70 
buildings, with an aggregate amount 
of 145,000 sq ft of radiation, all ta 
ken care of by one central heating 
plant of fourteen 150 hp boilers 

The latter part of 1918 he was 
called into service in the U. §S 
Army, and was assigned to the Con 
struction Division at Camp Dodge, 
where he had charge of the heating 
systems installed. At the comple 
tion of his work at Camp Dodge he 
established himself at Sioux Falls, 
S. D., where he was connected with 
Perkins and McWayne. Here he 
was in charge of the installation in 
such buildings as the High School, 
YMCA Building, a local department 
store costing $200,000, and several 
other school buildings costing ap 
proximately $90,000. 

In 1924 he became associated with 
John Graham, architect, Seattle, 
Wash., as sanitary and mechanical 
engineer, and later became mechani 
cal engineer for the Seattle School 
District. In 1934 he received an 
appointment as resident engineer in 
spector for the PWA, located in 
Pullman, Wash. He returned to 
Seattle in 1937, retaining his posi 
tion as engineer inspector for the 
Public Works Administration 

Mr. O'Connell was very active in 
the work of the Pacific Northwest 
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Chapter of the Society, serving a> 
its president in 1933, and on its 
various committees from time to 
time. 

The Officers and Council of the 
AMERICAN Society OF HEATING 
AND VENTILATING ENGINEERS €x- 
tend sincerest sympathy to his 
widow and family who survive. 


E. F. GLORE DIES 


Evins F. Glore, president of the 
Kvins Fk. Glore Sales Corp., New 
York, N. Y., dealers in heating 
equipment, died at his home, 644 
Riverside Drive, April 12, 1941. 

Mr. Glore was born in Louisville, 
Ky., in 1873, and came to New 
York in 1889, at which time he 
became associated with the Ameri 
can Radiator Co. as salesman and 
branch manager, which position he 
held until 1907. In 1911 he went 


a 
Journal Section 

he was appointed manager of Pierce, 
Butler and Pierce Mfg. Co., New 
York. Later he was also associated 
with the Syracuse Faucet and Valve 
Co., the Abram Cox Stove Co., 
Philadelphia, and in 1931 became 
president of the Republic Radiator 
and Mfg. Corp., Baltimore, Md. In 
1932 he established the Evins F. 
Glore Sales Corp., with offices in 
the Grand Central Terminal Bldg., 
New York, where he remained as 
its president until his death. 

Mr. Glore was a veteran of the 
old 7th Regiment of the New York 
National Guard, now the 207th 
Coast Artillery (anti-aircraft), and 
was one of the oldest members 
of the West Park Presbyterian 
Church, New York, and was a 
former member of the choir of the 
Broadway Tabernacle. 

He joined the ASHVE in 1916, 
remaining on its rolls for a period 
of over 22 years. The Officers and 
Council of the Society extend their 





HERBERT A. TERRELL DILs 
Herbert A. Terrell, retired he 
ing engineer, died March 26, 194 
at his home, 301 Springfield A, 
Cranford, N. ]., where he had ma 

his home for a number of years 

A native of Indiana, Mr. Ter: 
was graduated from the Mas, 
chusetts Institute of Technology 
1906, and served with War 
Webster and Co., Camden, N 
the Atmospheric Conditioning ( 
Philadelphia, and the Carrier En; 
neering Corp., when in Newa: 
N. J. 

Mr. Terrell was a member oj 
ASHVE for a period of 18 vea 
when he retired from active busi- 
ness in 1933. 

He is survived by his wife, Mrs 
Dorothy Terrell; a daughter, M 
lois Terrell, and two sisters, M 
Nellie E. Terrell, Trenton, N 
and Mrs. Jay Williams, Los 
geles, Calif.. to whom the Offic: 
and Council of the AMERICAN S 








with Richardson and Boynton Co., 
New York and Philadelphia, as incere sympathy to his widow, CIETY OF HEATING AND VENTILA 
manager and sales manager, remain Mrs. Alberta R. Glore, who sur- ING ENGINEERS extend their since: 


ing with them until 1913. In 1914 Vives, 


Candidates for Membership 


The Constitution of the Society, as now amended, requires the following mode of procedure in voting on applicants for mem- 
bership in the Society. All applications for membership are to be sent to the Secretary and the names of applicants and their refer- 
ences shall be printed in the next issue of the JouRNAL of the Society or sent to the members in other approved manner as ordered 
by the Council. When replies are received from references, the Candidate’s application shall be submitted to and acted upon by 
the Committee on Admission and Advancement as soon as possible. 

When the Committee on Admission and Advancement has acted favorably upon a Candidate’s application and assigned his 
grade, the Council shall vote upon the election of the proposed Candidate for membership by letter ballot. During the past mont! 
:8 applications for membership have been received and the names of these men and their sponsors are published in the following list 

Members are requested to scrutinize the list with care. The Committee on Admission and Advancement, and in turn, the 
Council, urge the members to assume their share of responsibility of receiving these candidates into membership by advising the 
Secretary promptly of any whose eligibility for membership is in any way questioned. 

All correspondence in regard to such matters is strictly confidential, and is solely for the good of the Society, which it is the 
duty of every member to promote. 

Unless objection is made by some member by May 15, 1941, these candidates will be balloted upon by the Council. Thos 
elected to membership will be notified by the Secretary immediately after election. 


CANDIDATES 


sympathy. 








REFERENCES 


Proposers Scconders 


Attison, Rornert E., Owner, American Sheet Metal Co., Dallas, C. R. Gardner S. H. Green 
Tex. M. L. Brown L. S. Gilbert 
Bascock, Paut R., Designer, G. M. Simonson, Cons. Engr., J. Gayner N. H. Peterson 
San Francisco, Calif. G. M. Simonson C. E. Bentley 
Bocarpus, Grorce W., Br. Mer., Kewanee Boiler Corp., Des 3. E. Landes E. H. Borg 
Moines, la. ( Reinstatement) XR. H. Schnell T. R. Johnson 
Carrott, Danie. E., Pres., Carroll Sheet Metal Works, Inc., D. D. Kimball I. Willner 
Woodside, L. I, N. Y. G. A. Belsky 1. A. Heller 
CuapmMan, D. B., Dist. Sales Mer., Clarage Fan Co., Kalama J. M. Rittelmever S. W. Boyd 
zoo, Mich. ( Non-member ) C. L. Templin 
T. T. Tucker 
Cnaset, Rocer E., Jr., Mfrs. Agent, Portland, Ore. |. D. Kroeker B. W. Moore 
r. E. Taylor C. W. Brissenden 
Crew, Francis D., Pres., The F. D. Crew Co., Philadelphia, Pa. E. C. Powers L. \. Childs 
E. K. Wagner E. Elliot 
Deminc, Roy E., Htg. Ener., Premier Furnace Co., Dowagiac, I. S. Cunningham R. W. Wilson 
Mich. (Advancement). T. W. Torr H. A. Brinker 
Dickson, Donan R., Student, Purdue University, West La- G. A. Hawkins (ASME) J. W. Raub (ASME) 
W. T. Miller R. O. Sudy (ASME) 
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CANDIDATES 


i 


Dieter, GEORGI H., Sales Ener., The Fluor Corp., Ltd., | 
Angeles, Calif. 

FautkNer, Joun H., Secy-Treas., Langdon-Faulkner Co., In 
Seattle, Wash 
.wKLE, Harry R., Pres.-Gen. Mer., Air Control, Inc., Omah: 
Nebr. 

ieeestTROM, ArtHurR, Sales Engr., O. Freiert Co., Alpena, M 

Gesse_L. Eimer T., Sales Engr., W. FE. Lewis & Co., Dallas 
Tex. 

Gowns, Encar H., Dist. Repr., Warren Webster & Co., Can 
den, N. J 

Hoxanson, Care G., Owner-Ergr.C. G. Hokanson Co., Los At 
geles, Calit 
ex, Leonarp H., Owner, April Showers Co., Washingtor 
D. ¢ 

owes, Braprorp B., Sales Repr., Johnson Service C Ne 
York, N. \ 

lounson, Russect A., Student, University of [lin Urbar 
Ill 

Kacey, I. B., Jr., Dist. Mer., Carrier Corp., Atlanta, Ga / 
mstatcment ) 

KING, Breuct ae. oe Ener Giffels & Vallet, Detroit Micl 

Kxicnt. Jounn 7 Ie.. Consulting Ener New Orleans, La 

KurrTz, Ori Mech. Ener., 3518 Grove St... Oakland, Calit 

LANGBERG, MAR! Vice-Pres., Carroll Sheet Metal Works, h 
Winfield, L. I 

Lancpon, Epwin H., Pres., Langdon-Faulkner CC lt 
Seattle, Wash 

LopsTetn, MELVILIE ( Chief Operating Engr., Museun 
Science & Industry, Chicago, Ill 

Martix. Georce D.. Br. Mer., Grinnell Co. of Pacific, Sa 
Francisco, Calit 

Metnick. Nicworas A... Ener., G. M. Simonson, Censultin 
Engr., San Francisco, Cali 

MitticAn, Donatp G., Draftsman, G. G. Sharp, New 
N. Y 

Moraweck, Atvin  H I Secy.-Sales Eng Abbott Eng 
neering & Contracting Newark, N. J] 

Ricwarps, Lesiie \ Owner, Richards Oil Burner Sa 
Service, Malden, Mass. (.4ddvancement) 

Ritttemeyer, Jonn M., Owner, Rittlemever & ( \tlanta, G 


Cond. Engr.. Arkansas 


Roperts, Harry H., Au 
Shreveport, La. 
& Supt... Burke & Son ( 


Roperrer, Epcar W., Eng 


geles, Calit 


(gas Cor 


Minnesota, Minn 


Row.ey, Roserr K., Student, University of ‘ 
apolis, Minn 

Rumegotp, Attan H.. Br. Mer. Clow Gasteam Heating ¢ 
Atlanta, Ga 

Rumsey, Joun L., Construction Engr., G. M. Simonson, ¢ 
Engr., San Francisco, Calif 

ScaNpRETT, Haroun R., Estimator, Pacific Gas & Electric ¢ 
San Irancisco, Calif. 

Scuim™, Ettis | Dept. Mgr., Macatee, Inc., Dallas, Texas 

Scott, WituiaAmM P., Jr., Vice-Pres., Scott Co., San Francis« 
Calif. (.4dvancement ) 

STERNER, Dovucias S., Br. Mer., Elec. Div., Barber-Colman C 
Rockford, Ill. ( Advancement) 

Terry, Samuet W., Pres., Aladdin Heating Corp., Oaklan 
Calif. 

ritrorp, Leo A., Owner & Mer., Leo A. Tilford Co., Jacks: 
Mich. 

Waker, WytHer F., Engr., Hayes Furnace & Mfg. Co., L 


Angeles, Calif. 
Wetis, Epwarp F 
Que., Canada. 


Ener., Aluminum Co. of Canada, 


West, Cuartes H., Jr. Vice-Pres., Massey, Wood, & West, 
Inc., Richmond, Va 

Wheeter, Cuartes A. Br. Mgr., Johnson Service Co. Mil 
waukee, Wis. 

Wise, Mason W., Owner, M. W. Wise Co., Atlanta, Ga. (2 


instatement ) 
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In the past issues of the Journat of the Society the names of the following men were listed as Candidates for Membership. T! 
membership grade of each Candidate has been assigned by the Committee on Admission and Advancement and balloted upon by ti 
Council. We are now instructed by the Council to post herewith, as required by Art. B-III, Sec. 8, of the By-Laws, the folloy 


ing list of candidates elected: 


MEMBERS 


\npeRSON, Epwin L., Asst. Industrial Hygienist, State Health 
Dept., Hartford, Conn. ( Reinstatement) 

CruMLey, Meart T., Engineer, Robert & Co., Atlanta, Ga. 

Distet, Roperr FE., Mer., Distel Htg. Equipment Co., Lansing, 
Mich. (Advancement) 

EHRENZELLER, ApotpH, Htg. Engr. & Contractor, A. Ehren- 
zeller, Dorchester, Mass. (Reinstatement) 

Fanninc, Erroitt C., Engr., Atlas Heating & Ventilating Co., 
Ltd., San Francisco, Calif. 

FrieEND, WALTER F., Mech. Engr., Ebasco Services, Inc., New 
York, N. Y. 

lRITZBERG, LAWRENCE H., Asst. to Chief Engr., Aerofin Corp., 
Syracuse, N. Y. (Reinstatement) 

GARRARD, WALTER M., Mfrs. Agent, Garrard & Co., Atlanta, Ga. 

Genone, Henry W., Vice-Pres. charge of Engrg., Dinkler Ho- 
tels Co., Inc., Atlanta, Ga. 

GoopMAN, Wrti1AM, Consulting Engr., The Trane Co., La- 
Crosse, Wis. 

Gorranpt, Everett T., Partner, Crawley-Gorbandt Co., Atlanta, 
Ga. 

Hamic, Louis L., Engr., John D. Falvey-Consulting Engr., St. 
Louis, Mo. (Advancement) 

Hoop, Lestre A., Asst. Sales Mgr., Trane Co. of Canada, Ltd., 
Montreal, Que., Canada (Reinstatement) 

Jorpan, Francis O., Specification Engr., Albert Kahn, Inc., 
Detroit, Mich. 

Laver, Ropney F., Dist. Sales Mgr., York Ice Machinery Corp., 
Philadelphia, Pa. (Advancement) 

Leser, FrepertcK A., Dist. Mer., Ilg Electric Ventilating Co.., 
Washington, D. C. (Advancement) 

Roeper, WinFieLp, Br. Megr., American Blower Corp., New 
Haven, Conn. 

SHaprro, Morris, Mech. Engr., U. S. Housing Authority, Wash- 
ington, D. C. 

Smiru, Harotp C., Mer., Equipment Dept., The Darby Corp., 
Kansas City, Kans. 

STECKHAN, Louis, Mer., Engrg. Dept., Crane Co., St. Louis, 
Mo. (Reinstatement) 

Weekes, Roy W., Gas Htg. Engr., Iowa City Light & Power 
Co., Iowa City, Ia. 

Wuite, Wittram E., Engrg. & Sales, The Darby Corp., Kansas 
City, Kans, 

ZieL, Hersert E., Chief Engr., Albert Kahn Inc., Detroit, Mich. 
( Reinstatement) 


ASSOCIATES 


Burritr, Epwarp D., Jr., Sales Engr., Burnham Boiler Corp., 
Cambridge, Mass. 

CLARKE, Joun H., Marine Engr., Maritime Commission, Wash- 
ington, D. C. 

FarLey, Wittoucusy S., Contractor & Engr., Danville, Va. 
( Reinstatement) 

Ferris, Artur L., Sales Engr., Hart & Cooley Mfg. Co., Fort 
Erie, N. Ontario, Canada. 
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Gezari, Zvi, Mechanic, Adams Engineering Co., New Y; 
ms ma 

HvueLsMANN, A. G., Supt., The Powers Regulator Co., Cin 
nati, Ohio. 

Kemp, Gorvon C., Mer., Htg. Dept., Chatham Malleable & St 
Products, Ltd., Toronto, Ont., Canada. 

LeRicne, Raymonp E., Br. Mer., Central Equipment Co., P; 
land, Oregon. 

Lyon, Douctas McCtiure, Partner, Douglas McClure Lyor 
Syracuse, N. ,s 


McGinn, Georce F., Owner, Industrial Engineering Co., B: 


timore, Md. 

O’SHea, Joun J., Branch Manager, Buffalo Forge Co., Atlant 
Ga. 

Remy, Pure H., Jr. Office Mer., Heating Equipment C 
San Francisco, Calif. 

Rosin, Ricwarp C., Owner, Richard C. Robin, Sales & Engre 
Boston, Mass. 

Sprott, Joun I., Sales, Ray Oil Burner Co., San Francis 
Calif. 

Stern, Epwarp J., Sales Engr., Armstrong Cork Co., Dallas 
Tex. 

Tortn, Tueopore A., Dist. Sales Mer., The Marley Co., Atlanta 
Ga. 

WandLtn, Bernarp J., Field Repr., General Electric Co., Bloon 
field, N. J. 

ZiInTEL, Georce V., Sales Engr., Himelblau, Byfield & Co., Chi 
cago, Il. 


JUNIORS 


SARNEY, WitiiAm J., Sales Repr., Hotfman Specialty Co., In 
Waterbury, Conn. 

Boyp, Rosert L., Jr., Sales Engr., Houston Lighting & Power 
Co., Houston, Tex. 

Brewer, FranK M., Mech. Draftsman, Robert & Co., Inc., At 
lanta, Ga. 

Post, Nicnwotas, Army Ordnance Inspector, War Dept., St 
Louis Ordnance Dist., St. Louis, Mo. 

RAMOoNEDA, Enrigur, Contractor & Repr., Clarage Fan C 
Mexico, D. F., Mexico. 

Situ, Davin J., Sales Engr., Walter H. Eagan Co., Phila 
delphia, Pa. 

STRANSKY, Matcotm W., Engr., Heating Equipment Co., San 
Francisco, Calif. 

Swain, Doueras S., Sales Engr., Trane Co. of Canada, Ltd 
Winnipeg, Man., Canada. 

Warner, Ceciz F., Instructor, Mech. Engrg., Lehigh University 
Bethlehem, Pa. 


STUDENTS 


Hayes, Orris J., Student, University of Minnesota, Minneap 
lis, Minn. 

Matruirs, Leo A., Student, University of Minnesota, Minn 
apolis, Minn. 

Tupper, Epwarp B., Student, University of Minnesota, Minn 
apolis, Minn. 
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